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f 

L "We know from definition 

When the sura of two angles is two right angles or 180®, 
Sh of two angles’is said to be supplement of the other. 

Hence, 

> * ' 

Supplement of one-half of a right angle is 2 rt. /.s — rt,"' 
, or ^ rt. Z.®, or three-halves of aright angle, or -f x 90", 
J35". 

Supplement of four-thirds of a right angle is 2 rt. 

^ rt. .i.®, or I- rt. or two-thirlis of a right angle’, or | 
!30^ or 60" 

Supplement of 46" is 180" — 46", or 134)". 

Supplement of 149" is 180*— 149", or 31®, 

Supplement of 83" is 180" —83®, or 97®. 

Suppl-ment of lOl". 15' is 180"- 10 L". 15', or 78". 45', 

2. We know from definition * 

When the snm of two angles is’one right angle or '90". 
sh of two angles is said to be complement of the other, 
Hence, " ' 

Complement of two*fifths of a right angle is 1 rt. A—* 
rt. A, or T rt.z., or three fifths of a right angle, or DO", 
54". 

Complement of 27® is 90" -27", or 63". , , 

Complement of 38". 16' is 90®-3 16', or 51". 44'-. . 

of 41*. 29't 30" is 90“ -41“, 29'. 30", or 48% 
f . 30 , 1 1 
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3. Let AB, CD be any two ataaigbt lines intersecting at 
0 , and let AOC be a „ c right tngle. 

0 


ft- 


-B 


It IS required to prove that the other three angles COB,. 
BQD and AOD are also right anglea 

Proof -Because 00 stands on the straight line AB at 


0 . 


the Z.S AOC and COB^are together equal to 2^ rt. 

Butthez. AOC. s given art. Z.. 

Hence, the L. COB is also a rt Z.- 

Aoain because A.0 stands on the straight line BO at' 0 

.C the Z.S AOC and AOD are together equal to 2 j^t. 

But the L. AOC ^ 

Hence, the Z. AOD is aleo a rt Z.. 

Attain because DD stands on the straight line AB at 01 

tlie / 8 AOD and DOB are together equal to 2 rt Z.®. 
• • (Theor. 1) 

But the Z. AOD 1'' proved to be a rb. Z.- 
Hence, the L DOB is al«o a rt z.- 
• each of the three angles COB, AOD and DOB is a rb JL» 

Q. E D 

4. Let ABC bp a triangle- lU' which the angles ABC and 


AGB are given iqual 
dnced both ways to the 
shown in the diagram. 


A 

A 

B C 


The Bide BC is pro-^ 
points D'and E,, ae 
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li h Tsqnitad to prove ihsfe tlie angles ABB snd ACB 

eqnai. 

Proof. — B^caitss AB stands on BE at B. 

/. tbs z.^ ABB and ABO are logether eqnal to two 
;bt> angles, ('ffaeor. 1) 

Also bscanse AC stands on BE at C, 

tbs z.” ACE and ACB are together eqnal to two right 
gles. (Ineor. 1} 

tbs z.® ABB and ABC together = tbs z.® ACE and 
CS together. 

Bat tbs z. ABC = the Z. ACB (by bypothesi*} 

/. tbs z. ABB » the z^ ACE. 

Q. E. D. 


5. Bet ABC be a triangle in Tdsieb she angles ABC ‘and 


CB are given fcqual. 
need beyond B to 
rodnced beyond C to 



Tne side AB is pro- 
any point B and AC is 
any point E. 


It is required to prove that the angles BCE and CBB are 
oaal. 

Proof.— Becanse BO stands on AB at B, 

^ the z.® ABC and CBB are together ennal to two 
igbl angles. .JTheor.l) 

Again fesanse BO stands on AE at C, 

the z.® ACB and BCE are together equal to two right 
angles. (Tneor. Ij 

^ ^SB t^ther=1he z.® ACB and 

pCE logejherr 
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Bat the L ACB=the z. ABC (by hypothesis) 
the L. CBD«=sthe A BCE. 

, Q< 0> 

6 Let the straight line CD stand on another straight 
line AB at C making the adjacent angles 

BCD and DCA. CE bisects the angle 

DCB and CE bisects ^ 'Jy'' ^ the angle DCA. 

C 

It IS required to prove that the an gle ECE is a right 
angle. 

Proof. — B^'canoe CD stands on AB at C, 

the A BCD and the A ACD together =2 rt a® 

(Theor, 1) 

^ the A BCD and J the a ACD together— one rt A. 

Bnt the A DOE is half of the A BCD and the a D.CE 
is half of the A ACD (by hypothesis) 

the A DOE and the A DCE together=aone rt A 
» e , the A ECE 18 a rt. a. 

Q E. D. 

7. Let the straight line BO stand on AC at 0 making 
the adjacent angles ^ BOA ana BOO OX is 

bisector of the angle 
or of the angle BOC q 

It is required to prove that the A® AOX and COT are 
complemenrary. 

Proof.— -Because OB stands on CA at 0, 

• • the A BOA^and the a BOC together =2 rt. a® 

(Theor.. 1) . 




BOA and 0 r 18 bisect* 


0 



{i 5 ' ) 


COY 


I the /L BOA and ^ the z. BOC»one rt. z.. 

Bat the z. AOX is'baif of the z."B0A and the z. 
half of the z. B0C»b\ hypothesis} 

the z. AOX and the z. COT together » one rt. z. 

: , the z.® AOS aud COY are complementary, (from defini- 

m) 

Q. E, D. 

8. (See fig* in Sr. 7) ^ 

Let BO stand on the <»trftight line AG at 0 mating "the 
idjncent ancles BOA and BOG. OX is nisector of the angle 
lOB and OY IS bisector of the angle BOC. 

It IS reqnired to prove that the angles BOX and COX 
re supplementary , aud also that the angles AOY and BOY 
re supplementary. 

Proof. — Pecans® OX stands on AC, 

the z.® AOX and XOC are together equal to two right 
ngies. ('Ihtor i) 

Bab the z. A0S=the z. BOX (by fa%poth®sH 
the z.® BOX and XOC together =2 rt z.® 

i the z,® BOX and BOX are supplementary (from 
leSmtion) 

Acmn becan'e^Y stamds on CA, 

2rt. z.® 

(Thcor. 1) 

Bnt the z. COY = the z. BOY (hy hypothesis) 
the z.® BOY nnd YOA together=2 rt. Z,® 

^ c , the z.® BOY and YOA are suppltmentary. 

Q. E. a 

9. Let BO stand on the straight line AC at 0 making 

-he adjmenb angles BOA ^ and BOC. OX 

bisector of tbe angle AOB 
of the angle BOC. 


the z.® COY and YOA together^ 


B 


13 


\ X OY is bisector 

^ — A A 
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Let the angle AOB be 35\ 

It IS required to find the angle COT# 

Because BO stands on CA 

the z.® BOO and BOA together =2 rb. Z.® (Theor. 1) 
And because the z. A0B=35®, 
the Z. B0C = lh0‘‘-35“=l45'. 

Bub the angle COY is half of the Z. BOC (by hypothesis) 
the L. COT=i of 145*=72*. 30'. 
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1. Since the minute-hand of a clock makes one complete 


revolution in one hour 
turns through 4 rt. Z.^ 

I' 



or 60 minutes, ib 
in 60 minutes 


e. in 60 minutes the minute-hand burns bhrongh S60‘. 

.*. in one' minute the minute-hand will turn through 
W, or 6-. 

(^) in 5 minutes the minube-hand Will turn through 
b" X 5, or 30'. 

(^^) in 21 minutes the minute-hand will turn through 
etx^l.or 126*. 

(iti) in 43|- minutes or ^ minutes the minute-hand 
will torn through 6'x V> or 261* 

(id) in 14 minutes 10 seconds or minutes the 
minute-hand will turn through 6’x ®a:*, or 85'. 

The minute-hand turns through 6* in one minute. 

(v) the minute hand will turn through 66* lU V* 
minutes, or 11 minutes. 

(tit) the minute-hand will turn through 222’ in 
minutes, or 37 minutes. 

2. (See fig. in Ex. 1 •) 


Since, the liour-liand oF a clock makes one completie 
•revolatioa in 12 hoars, it tarns throngh 4 rt in 12 hours. 

5 6. in 12 hoars the hour-hand turns through 360*. 

.*. in 1 hour the hour-hand mil tarn through *> 
or 30*. 

C'i) .t. in 3 hours 45 minutes, or Y hours, the hour-hand 
mil turn through 30’ x V» w ^12° 30'. 

(ti) in 5 hours 10 minutes or hours the hour-hand 
Trill turn through 30* x V, or 155*. 

The time taken by the hour-hand in taming through 
■30'* IB one hour. 


the time taken by fhelionr-band in turning through 
345* 

345* , 2 345 , 23. 

ir2i , or -y- will be or hoars, or hours, 

or 5 hours 45 minutes 

3. Since the earth makes one complete revolution in 
24 hours about its axi'>, it turns through 4 rt. in 24 hrs. 
i. e. m 24 hours the earth turns through 360*. 

/. in one hour the earth will turn through '/y®*, or 15*. 
ii) in 3 hours iO iniuu<«8, or V knurs the earth will 

•tarn through il5*xV« 50*. 

The time taken by the earth in turning throngh 15* is 
one hoar. 


(“i-i) /. the ’time taken by the earth in turning throngh 
130* will be ^®o*, or V hours, or 8 hours 40 minutes. 

4. Let the straight ’Hoes AB and AB cut one another 
•at the point JO.. 

(i) If the angle AOG be 35*, it i« required to find the 
^lue of each of the angles COB, BOD, DOA without 
measurement. ® 
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iBecanse tbe straight line CO stands on AB ^ 

the z.®,AOC and COB together =2 rt. Z,®, or 180% 

(Theor. 1). 


But the L. AOC =35* (given) 

the A COB= 180" -35*, or 145". 

Because AB and CD cub one another at 0 

ithe A COB=the vertically opposite a'DOA 

(Theor. 3)- 

Bub, the A COB =145* (proved) 
the A D0A=145*. 


A.130, the A AO C=» the' vertically opposite A BOD 

* ' tTheor. 3) 

Bpb the A A0C=35" (given) 

.*. the A B0D=35* 

.(w) If jthe A® COB and AOD together 6e 250* it is- 
r^c^Uired to find each of she a® COA, BOD. ’ 

Because AB and CD cut one another at 0 


>• the A 
A®, or ‘dtQ\ 


® AOC, gob, bod and.DOA together =4 rb» 
(Cor. 1 Theor, 1) 


Bub the A® BOB and AOD together=2‘50*.'(given) ' 
110"* ^ogether=360*— 250", or 


Bub the A A0C= vertically opposite a BOD (Theor. 3) ' 
.% each of the a® AOC, B0D=4 of 110", or 55". 


(^^^) If she A® AOC, COB, BOD together make un 274" 
it 18 required to hnd each of the A® 'AOC, COB, BOD, DOA* 

Because CO stands on AB 
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• the Z:® AOC and COB together«2 rt. Z.s, or 1-80* 

(Theor. 1) 

Bat the z.® AOC, COB. BOD together = 274." (given) 
the Z. B0D= 274 - \ 80", or 94". 

Becanse JDO 5 cand& on AB 

*. the z.® BOD and DOA together=2 rt. Z.®, or ISO* 

(Theor. 1) 

But the Z. BOD =94“ (proved) 

/. the Z. D0A= lS0“-94‘. or 86“. ^ > 

Becanse AB and CD cut one another at 0 

the z. A0C= vertically opposite z.'B0D (Theor. 8) 
Bu,t the z. B0D=94“ (proved) 
the z. B0C=94“ 

Also the z. BOG = vertically opposite z. AOD (Theor. 3^ 
But the z. D0A=S6“ (proved) 
the Z AOC=So". 

/ 

5. tSee fig. in Ex 4). 

Let AB be a straight line and let 0 be any point in it 
from Tvhich tvro ^straight lines OG and 0D,are draw.n on 
opposite Bides of AB such that the angles COB and AOD are 
equal. 

It IS required to prove that OG and OD are in the same 
straight line. > , 

Proof. — Because OC cfcands on AB 

the z.® AOC and COB togpther=2 rt. z.® (Theor. 1) 
But the Z- C0B=thez. AOD (by hypothesis) 

.*. the z® AOC and AQD together =2 rt. z.® 

.*. OC and OD are in the same straight hue (Theor. 2) 

Q. E D. 

6. Let two sbright lines AB, CD cross one another at 

0, and let OX be the ^ bisector of the angle 

BOD. Produce XO be y ^ 

Xf ft y' 
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It is requited to prove that OY bisects tbe angle AOC> * 
Proof —Because AB and YX cut at 0. 

.*. thez. B0X= vertically opposite/. AOY (Theor. 3) 
Again because CD and YX cut at 0> 

the z. CO Y= vertically opposite z. DOX (Theor. 3) 
, But the z. D0X=the z. BOX (by hypothesis) 
the z. A0Y=the z. COY. 

i, e. the z. AOC is bisected by OY. Q. E. D. 

f 7. (Seei fig. in Ex. 6 ) .r 

Let two Btright lines AB CD intersect at 0 , let OX be 

the bisector of the angle BOD, and OY the bisector of 
the z. AOC. 

It IS required to prove that OX and OY are in the same 
straight line. 

Proof— Because AB and CD cut at 0. 

' the z. AOC=verticaUy opposite z. BOD (Theor . 3) 

But the z. A0Y=the Z. COY (by hypotbesis)=ii- the z. 
AOC. 

Also, the z. B0X=the z, DOX (by hypothesisJ=i the 
Z. BOD. “ 

But the z. AOO=the z. BOD (proved) 

/. the z. AOY=the z. BOX. 

Because OX stands on AB 

the z.® BOX aad XOA together=2 rt z.® 

(Theor. 1) 

But 'the ^ BOXsthe z. AOY (proved) 

.*. the A® _^0Y and XOA together =2 rt. z,® 
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ox and OT are in the same straight line. 

8. Let AOB he a given angle and let OX be the bmeetor 
-of the angle AOBi 


0 



X 

B 


' It is required to show that, by foldiV the diagram about 
OX, 0 A may be made to coincide with UJSa 

In folding the diagram about OX we make the A 
fall upon the A BOX# 

But the A A0X=the A BOX (by hypothesis) 

OA will fall upon OB. , TOB OA 

(i) If the A AOX 18 greater than the A XOB, UA 

•will fall outside the A XOB with 
OX and OA will be on opposite sides of OB. 

If fhp / AOX is less than the A XOB, 0 A will 

lAn r/xOB with regard to OB, so that OX and 
OA will be ou the same side of Uls. 


9 . 

at 0. 


I -- — 

Let AB and CD cut one another at right angles 


*+■ 


"f I 

1 

It is required to show that, by folding the figure about 
AB, OC may be made to fall along OD. 

In folding the figure about AB, we make the straight 
angle on the left side of AB fall on the straight angle on 
4he right side of AB. 

t But the A A0C«the A AOD (being rt. A^) 
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00 will fall along 0D._ 

10 (See fig in Ex. 9.) > 

Let AB be a straight line drawn on paper and let 0 be 
any point in it about wbich the straight line AB is so folded 
that OA falls along OB Let COD be the crease left on the 
paper 

It is required to prove tbat COD is perpendicular to AB> 

Proof. — Because the Z. AO'C falls upon the Z. COE 
such tbat OA falls along OB. 

.*. the Z. AOC =the Z. COB. 

But these are adjacent angles. 

,*. CO IS perpendicular to AB. 

or, CD IS perpendicular to AB. 

, Q. E. D. 
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1. Let ABC be an isosceles triangle and let AD be the 
bisector 'of the vertical angle BAC meeting^ 

BG ID D. 



(^) It IS required^^to prove tbat 'AD bisects the base BC. 
Proof.— In the two A® BAD and ACD 

f the side BA = the side AC (being sides of an 
. I tsoscelns triangle) 

Because ■( the side DA is common to both. 

I and include i z. BAD={he included 
L Z. CAD ^by bjpothesis) 

two triangles BAD and ACD are equal ib all respects,,' 

' (Tbeor.--4) 
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150 t!iafc BD— DC.' 


e 


BC. 


(n) 


BC 18 bisected at D. 

It is required to prove that AD is perpendicular to 


Proof.— “In the two A® BAD and ADC. 


^ f the side AB= the side AG (b^ng sides of "an 

I isosceles triangle) 

Because -{ the side AD, is common to both 

j an|i the included Z. BAD«= the included L. DAO 
'• 1. (by hypothesis; 

the two A® lire equal in all respects, (Theor. i) 
so thkt, tile JL ADB=iithe Z. ADC 
and these being adjacent ‘angles, each is a rt. z., 

, (Prom' definition) 


AD IS perpendicular to BC, 

0 


Q*'E. d. 

2. Let AB be a straight line, and O' its middle point, 
Let OC be perpendicular |C to AB at 0' and‘le1r 


P be any point in 00. 



Join PA and PBV 


B 


16 is required to prove that PA and PB are equal. 
Proof.—ln the two A® POA and POB 


f PO 13 common to both 

Becanse-i AO=OB (by hypochfsis) " 

; and the included z. POA«the included Z. POB 
1. (being.rt. L.^) ' ,r 

two A® are equal in alKrespects. ^ (Theon, 4) 
so thatPA«sPB, ^ 


\ - 


Q. £. P. 



{ T 


3. Let ABCD be a square and let AC and ED be it? 


t!ro diagonals. 



D 

C 


it IS required to prove that the diagonals AC and BD' 
are equal 

Proof — In the two A® ADC and BDC 

f AD— BG (being wdes of a square) 

•D I DC IS comtnnn to both 

{ and the iticiidod z. ADC=bhe luoluded z. BCD 

(being rt z.®> 


/. two A® are equal in all respects. (Theor, 4) 
, , BO that ACs^BD. 


4 (^) Let ABGD be a square 

middle point of AB, ^ 6 ^ 
and N the middle poiub 

ULS. 



Q G, Da 

and let L be the 
D the middle point of BC-, 
of CD. Join Iill and 

C 


It IS required to prove that XH and BM are equal. 
Proof.— Beonuse AB<sCDsBC \bfcing sides of a square); 
And ALb:LB=^ &B. 
andDN==NC = iCD, 
r /, LBWBC 

Now, in the two triangles BLII and HNC 
CBLesNC (provid) 

Because -i (»>y hvpothpsis.) 

t I and the included z. IBM « the included Z.MCIf 
(being rt. Z.®; 
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wo A® oqool io »« 

So that L1L*M. ' ^ , T M W be the 

T ftfr ABOD be a square and let L, 

(^^) Le. ABOJJ 4 respectively. 

middle points of AB, j\^ ^ ^ 



Joinlfl^AandMB. 

B„x=qn.rod to prove tltat MA and MDare equal. 
Proot.-In the two A® ABU and DUG 
f AB=HC (being sides of a square) 

Because ^ ™“ta»Sd''ii'lAB3I=the included t. DKC 
'(.(being tt. Z.=) 

two triangles are equal in all respects. (Theot. 4) 

BO that AH =3^^' 

fiu^Let'ABCD be a square and let L, M, N, be tb© 

• hi ^ +o «f AH BC, CD respectively, 

middle points of AB, ^ ^ » r j 

Join AH and AH. 



It is required to prove that AH and AH are equal* 
Proof —Because B0=CD (being sides of a square). 
AndBK=HC=iBO. ‘ 
and DH =CK = ^CD. 

BH=^DH. 

How, in tbe two A® ABH and ADH 





f (proved) I 

■o ) AB=AD (being Sides of a square) 

Because*^ and ihe included Z. ABM — the included A ABH 
1. (.being rt. 

two A® are equal in all respects (Theor. 4) 
so that AM=AN 

(^v) Let ABCD be a squard and ,let L, M, N” be the 
middle points of AB, 


Join BIT and DM. 



D BC, CD respectively, 
N 


It IS required to prove that BBT and DM are eqnal. 

Proof' — Bfpaiise BCs=CD (being aides of a square) 

And BM«MC=PC and DN=:CN=iCD. 

/. MC=CN. 

Now in the two A® BNC and MOD. 

f NC = MC (proved) 

■RftPonQoJ BC = CD Uupor.h.'Sls) 

} and tile included z. BCNesthe included A DClijl 
(. (being It., z.®) 

Two A® are equal in aH'respecls. (Theor. 4) 
so that BN=DM 


Q. E!«‘ D. 

5. Let, ABC bs an isosce'e* triangle. From the eqnal 
Bides AB and AC two A equal parts AX ond AY 
are out off. Join BY and 


X 
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l6 is required to prove that BT and CX are equal* 
Proof,— In the two ABT and ACX 

f AY=AX iby h\pothesis) 

Because «( AB= AG < being equal sides of isosceles triangle) , 
and the L. BAY or Z. CAX is common to both 

two A® are equal in all respects. (Theor. 4) 

80 that, BY = CX. 

Q B. O, 

Page 21. 

1. Let ABCI) be a. quadrilateral whose nil sides are 
equal, and let the ^ D diagonal BD be joined. 

(i) It is required to prove that the A® ABD and ABB 
are equal. 

Proof — ^Because iu the A ABD, AB= AD (by hypothesis) 

the A ADB=tbe A ABD. (Theor. 5) 

(n) It IS required to prove that the z.® CBD and CDB 
are equal. 

Proof — Because in the A CBD, CB=CD (by hypothesis) 

A the z. ABD=the z. ADB (Theor. 5) 

(ill) It 13 required to prove that the z.® ABC and 
ADC are equal. 

Proof — B cause in the A ABD, AD=AB <by hypothesis) 

the z. ADB=the z. ABD (Theor 5i 

Again because in the A CBD CB==CD by, hypothesis) 

the c, ABD=th6 Z. ADB (Theor. 5) 

^be z.® ADB and CDB together = the z.® ABD and 
CBD together 

2 
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Or the /L ADCsssthe z. ABC. 


Q. B. D.- 

2. Leb ABC and BBC be two isosceles triangles drawn 
on the savne base BC but on opposite side of ib» 



lb is required to prove that tbe z.^ ABD'and ACD are 
equal. , 

Proof. — Because in ,the A- ABC, AB=sAC (being sides 
of an isosceles triangle) 

.*, the z~ ABC=sthe z. AOB (Theor' 5) 


Again because in the ABBC, DBc=T)C (being sides* of 
an isosceles triangle) 

the z. DBC=sthe z. DCB.lTheor. 5) 


.*. the z.® ABO and DBG together = the Z,®” ACB and' 
DGB together or the z. ABD=sthe £. A'CD 

,Q. E. D. ‘ 

' 3. Let ABC and DBG be two isosceles triangles drawn 
on the same base BC and ^ on the same side of ib^ 



Ib is required to prove that the z.® ABD and ACD are 
equal. 

Proof -.B ^cauie m the A ABC, AB«AC (being sides 
of an isosceles triangle) ' “ 
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.% the L ABC = the Z. ACB (Theor. 5) 

Again faeciose in the A DBC, DB=D0 (being sides of 
an isosceles triangle) 

/. the JL DBC=sche z. DOB «Theor. 5) 

/. the Z. ABC — the Z. DBC—ihe Z. ACB— the Z. 
DCB or the ZL ABD=the z. ACD. 

Q. E, D. 


4, (i) Let ABC be an isosceles triangle of which the sides 
AB and AC are eqnal. ^ Let L, M, U be tho 

middle points of AB, BC A and GA respectivelyt 

Join LM and UM. L. / \ N 



It is required to prove that LM and lJ3Si£ are eqnal. 
Proof.— B*’caiise AB=s AC (by hypothesis', 


/. the z. ABC =s the z. ACB (Tbror 5) 


AL=LB=1 ABjand AN=ljrC=*i AC 
LB=NC. 


Now, in T.h“ two A3 JiBUL and lECN 

fLB=‘N‘C (proved) 

Becaase 4 Blff esMC (by hypoth«“»is> 

(and the included z. LB!M=:the included Z. NChl 
.*, two A^ are equal io ait respects. (Theor. 4) 
so that LM=:3£K. 

(ii) Let ABC be an is oscetes triangle whose sides AB 
and AC are eqnal 
middle points of AB, 

Join BN and CL, 



let hf M, N be the 
and CA lespectively. 
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It is required to prove th‘vt BN and CL are equal. 

Proof —Because in bLe A ABC, AB=AC ^being sides of 
an isosceles triAUgle) 

.*. the z. ABC = the z. ACB (Thenr. 5) 

AL=LB = JAB, and AN=NC=J AC 

.*. AL= AN Now, in the two A® ABN and ALC 

f AN=AL (proved) 

Because-^ AB=AC i being sides of an isosceles triangle) 
j and she included Z. BAN or CAL is conimoa 
i to both 


two A® are equal in all respects (Theor 4) 
so that BN = GL. 

(iii) (See Fig in Ex. 4 (i). 

Let ABC be an iso’iceles triangle whose sides AB and AC 
are equal and let L, M, N, be the mi>»d!e points of AB, BC 
and CA respectively . Join LM and Nil. 

It IS required to prove that the z.® ALU and ANII are 
equal 

Proof — ^B^canso in the A ABC, AB= AC (being sides of 
an isosceles triangle) 

the z. ABC=the z. ACB. (Theor. 5) 

But AL==LB=i AB, and AN=NC= J AC 
LB = NC. 

Now, in the A® LBN and NMC 


Because 


f LB=NC (proved) 
i BM=]1IC (by hypot basis'' 

■f and the included z. LBM= the included z. NCM 
proved 


.*. two z.® are equal in all resnects (Theor.. 4) 
so that the z. BL]SI=the z. MNC. 


Because LH stands on AB at L 

the Z.S AM and MLB together=2 rt. £j 
(Theor. 1) 

Also, because IfM stands on AC at IT 

the £j ANM and MNC together=2 rb. Z.^ 
I'Eheor. 1) 

the Z.S ALM and MLB=r.he Z.S ANM and MNC. 

Butt the L. MBB^tht* a MNC (proved) 
the A ALlI=the A ANM. 

Q E!. D> 

Page 26. 

1. (See Fig. in Es. 4, p. 19.) 

Lett ABC be an isosceles triangle and let D be the ‘ 
middle point of BC. Join AD. 

fi^ It is required to prove that AD bisects the vertical 
A BAG. 

Proof. — In the two triangles ABD and ACD 

f AB= AC (being sides of an isosceles triangle) 
Because -( BD=DC iby hypothesis) 
and AD is common to both 

two A® are equal in all respects. (Theor. 7) 

80 that the A BAD = the a DAC 

I 

e. the vertical a BAG is bisected by AD. 

(ii) It is required to prove that AD is perpendicular to 
t the base BG. 

Proof —In the two A® ABD and ACD. 

f AB= AC (being sides of an isosceles triangle) 
Because BD=DC (by hypothesis) 

V and AD IS common to both 

two A® are equal m all respects. (Theor. 7) 
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so that, the L. ADB=tha JL ADC and these being 


adjacent angles, each 13 it. L., 

AD IS perpendicular to BC. 


Q B!» D« 


2. Let ABCD be a rhomhns and let the diagonal AC 


be joined. 


B 




(i) It required to prove that the ABC and ADC are 
equal. 

Proof — ^In the two ABC and ADC 

r ABasAD (being aides of a rhomhaal 
Bdcau3e< BC=sCD (being sides of a rhombus) and AC is 
(. common to both 

/. two A® are equal lu all reipeofci (Theor. 7) 

so that the z. ABC^^ the Z. ADC. 

(iij It is required to prove that the angles BAD and 
BCD are bisected by AC. 

Proof.— In the two A® ABC and ADC 

f AB«= AD (being sides of a rhombus) 

^Because i BC=CO )being sides of a rhombus) 

(, and AG is common to both 

two A® are equal in all respects. (Theor, 7) 

pothat the z. DAC=th9 z. B&.C and the z. ACD=thc 
Z. AGB c. the Z.® DAB and DOB are bisected by AC. 

Q, B. D. 

3. Let ABCD bs a quadrilateral m wbicb AB=:CD and 
AD=0B Join AC. ^ 

bZS7'' 

C 


< ^ ) 

( It) is required 'to prove that the z.® ADO and ABC are 
•equal. 

Proof. — In the two A® ADC and ABC 

f AD=BC (by hypothesis 
Stcanse-j D0=AB (by hypothesis) 
and AC IS common to both 

two A® equal in all respects. (Theor. 7) 

BO that the Z. ADC=the Z. ABC. 

Q. Bif D. 

4 ABC and DBC be two isosceles triangles standing 
•on the same base BC and on the same side of iti 



It IS required to prove that the ABD and ACD are 
•equal. 

Join AD 

Proof. — In the two A® BAD and CAD, 

fBA= AC (being sides of isosceles A ABC) 
Because-^ BD=DC (being sides of isosceles ADBC) 

(,and AD is common to both 

two A® are equal in all rt» 8 D“ 0 t 5 i (Thoor. 7) 
so that the Z. ABD=the z. ACD. 

(ii) Let ABC and DBC be two isosceles triangles standing 
on the same base BC ^ ‘ but on opposite sides of it# 

■ A 


D 



Ib IS reqaii^ed to prove that th'e ABB and ACD are 
equal ' 

Join AB 

Proof — In the twB A® BAB and CAB 

f AB= AC ibeine sides of an isosceles triangle) 
Becanse •<{ BB==BC (being sides of an isosceles triangle) 

(,and AB IS common to both 
.’.two A® are equal m all respects. (Theor. 7) 
so that the JL ABB=the z. ACB. 

Q. B. D» 

5. (See. fig. in Eic 4 (^)). 

Let ABC and BBC be two isosceles triangles standing 
on the same base BG but on opposite sides of it and let AB 
be joined. ; 

It 18 required bo prove that the z.® BAG and BBC are 
bisected by AB 

t Proof — In^the two A® BAB and BAG 


('BA=AG (being sides of an isosceles triangle) 
Because-^ BB— BG (being sides of an isosceles triangle) 
(,aud AB IS common to both 

two A® are equal in all respects (Theor 7) 


BO that the Z. BAB=the Z. CAB and the z. BBA=»the 
Z. CBA 


%. c. the z.® BAG and BBC are bisected by AB. 


Q. B. B> 

) 6. Let ABO be an isosceles triangle and let B and £ be 

tbo middle points of ABandAC respective* 

ly. Let BE and CB be A joined. 
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Ifc is required to prove that BE and CD are equal. 

Proof. ^ In the A ABO, because AB—AC (being sides 
of an isosceles triangle; 

the z. ABC =5 the JL ACB (Theor. 5) 

AD=DB=^ AB , and AE=EC=i AG 
DB=EC. 

Now, in the two A® DBG and EBO 

fDB=EC (pioved) 

•n \ BC IS coicmon to both 
ecause included z. DBC=the included Z. BOB 

(_< proved) 

two A® are equal in all respects. ^ Theor. 4) 
so that the side DGs=:the side BE. 

Q, E!. D, 

7. Lot ABC be an isosceles triangle, and let D, E be two 
such points in BC that A BD=sEG. Join AB and 

“ . A 

.M. 

0 E 

It is required to prove that AD=! AB 
Proof — Because in the A ABC, ABsAC (being sides of 
an isosceles tnang^) 

the z. ABC=the z. ACB (Theor. 5) 

Now, in the two A® ABD and AEC 

’ rAB=AG ibeing sides of in isosceles triangle) 

Because < by h\ pothesis) 

I and the included z. ABD=3the included z ACE 
((proved) 

two A® are equal in all respects. (Theor. 4) , 

so that AD=:AE. 


Q. E. D. 
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8. Let ABC be an equilateral triangle and let D, E P 
be the middle points A of AB, BC and CA 
respectively. Join A. ,-i 


B 




It IS required to prove that BEP is an equilateral 
triangle. 

Proof —Because the A ABO is equilateral, 

the JL ACB=the jl BAG = the z. ABC 

(Theor. 6, Cor- 5 ) 

In the A ABC, AB=AC=BC (being sides of an 
equilateral triangle) 

A1)«1)B=J AB; BE=BC«i BC;and AP:sPC=J 
AC 

AD=DB=BE=EC=AP=PC 

Now, in the two A® ADP and BBE 

f ABasBl) (by bjpothesis) 

Because-^ APes BE (proved) 

and the £. — BBEthe L. BAP (proved) 

two A® are equal in all respects. (Theor, 4) 

BO that BPs=BE 

Again in the two A® ABP and PEC 

f AP=PC (by hypothesis) 

Because •( AB== EC (proved) 

and the Z. BAP = the Z, PCE (proved) 

two A® are equal in all respects, (Theor, 4) 

^ eo that BPsPE 


< 2T 3 


1)E=FB==DP 

Henofe, DBF is an equilateral triangle. 


Q. F« 13» 

5. Let ABC be an isosceles triangle and let the angles 
ABC and ACB bs bisect- A ed bj BO and CO res- 
pectively. 



(t) It is required to prove that BO and CO are equal. 
Join AO 

Froof — ^In the A ABC, because AB=AC 
the z. ABC=ihe z. ACB (Theor. 5) 
the z. OBC«^ the z. ABC (^iven) 
aod the z. OCB«J the Z. ACB (given) 

/, the 'z. 0B0«the Z. OCB 
.*. OB=OC (Theor. 6) 


(n) It 18 required to prove that the L BAG is 
by AO. 


Join AO. 


bisected 


Proof.— in the A ABC, because AB— AC 
/. the z. ABOasthe z. ACB (Theor. 5) 
the Z. 0BC=| the Z. ABC (given) 

and the z. OCB=]^ the z. ACB (given) 

/. the OBCaa the z. OCB 

/. OB=OC (Theor. 6) 

rjiow, in the two A® AOB and AOC 

f AB=AC (given) 

Because < BO=OC iproved) 

t and AO is common to both 

I 
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T • • 

' . two A® are equal in all respects. (Theor, 7). 

Bo that the Z. BA0=the jl CAO. 
i. e. AO bisects the L. BAG. 

Q. E. D.^ 

10 Let ABCB be a rhombus and let the diagonals ' 


AG ahd BD cut at 0. 



It 13 required to prove that the diagonals AC and BD 
bisect one another at right angles at 0 

Proof — In the two A® ABC atad ADC 
fAB=AD (hy hypothesis) 

Because 4 BC= CD ,by hypothesis) 

[and AC IS common to both 
two A® are equal in all respects. (Theor. 7) 
so that the Z. BCA=tho z. DCA. 

Again, in the two A® BOC and DOC. 

fBC=CD ^by hypothesis) j 

Because'^ CO is common to both 

(.and the Z. BCO = ohe Z. DCO (proved' 
two A® are equal in all respects (Theor. 4) 

so that BO=iOD and the Z. B0C=the z. COD, and 
these being adjacent angles each is a rc z. . 

Again, in the two A® ADB and DCB. 

f AD=DC (by bynotbesis) 

Because AB=BC (by hypothesis) 
l^and BD is common to both 

two A® are equal in all respects. (Theor. 7) 

so that the Z. ADB = the z. CDB 

Again, in the twoA® AOD and DOC. 
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f AD-DC (by hypothesis) 

r r Ai.o”=th: ^ roo 

• two AS ar^ eqtial m all fespects. (Theor. 4) 

» r/A0=0C a.d .he ^ AOD=.he ^ DOO, and 
these being adjaccUu angles each is a ru 

Because AC and BD cut one another at 0. 

• The Z. AOB=tihe L. DOC (Theor. 3) 

But the Z. DOG is a rt. Z. tproved ) 

• The Z. AOB IS a rt. Z. 

the Z.S BOA, AOD, DOC and COB are each a rt. Z. 
and BO=OD, AO=OG 

/. the diagonals AC and BD bisect one another at right 
aaglVa at 0. ^ 

11 l>t ABC he an iso^celee triangle and let the eqnal 
aiaeBBA,CA ba pro- F^E dooed to anj pamts E 
and E boyoad the /M ''trtex A, such that 

AE 13 egoal to AE . ^ 

Let PB and EC be joined. 

It is n^quired to prove that PB and EC are equal. 

Proof — In the tv,o A® ABP and ACE, 
f AB=AC (given) 

Because-^ AP=AE given) , 

h and the z. BAP— the Z. CAE (Theor. 3) 

two A® are equal in all respects. (Theor. 4) 

Eo that PB— EC. 



Q, E. D« 
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1 , Dravr a straight hue A0=2*i". With C and A as 
centres and the radu b equal to 2 0 " and I’S'’’’ 

draw two arcs cutting 0 /^ 1 ^ at B. 


Join BA and BC. 

Then ABC is the required triangle. 

Measure the ABC, ACB and BAG, and see that the 
Z. 'BAG =68*, the z. ACB=tJ7* and the Z. ABG=75". 

The Bum of the z.^ ABG, AGBand BAG=68°+37“ |-75*, 

- = 180 *. 


2 Draw a straight line AG=7 car. With A and G, as 
centres and the radii ^ equal to 6*5 cm, and 

7*5 cm. draw two arcs ^ / A 5 cutting at Bi 


Join BA and OB. 



Then ABG is the required triangle. 
From B drop a perpendicular BD to CA, 


Measure BD and it will be found to be equal to G cm 

3 Construct an angle BOA =65* of which the arm BO 
is equal to 7 cm. and A AG equal to 6 cm. 



Join AB. 
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Then ABC is the required triangle. 

Theoretically any two triangles having these parts would 
have two sides of the one equal to two sides of the other as 
well as their included angles equal. 

Then the triangles would be equal rn all respects.- 

(Theor. 4) 

The triangles would be alike in size and shape. 

The above staternenb can be experimentally illustrated 
by cutting two such triangles from a piece of paper and by 
superposing one of the triangles on the other when they will 
exactly comotde. 

4. Make an angle ABCs=67" whose arm BA=s2.5'‘' and 



Join BC. 

Then ABC lo the required triangle. 

Measure the side BC, the ^ ABC and the Z. ABC. 

It will be found that BC=3 2*2", ihe z. ABO =5 50* and 
the z. ACB=:73’ nearly. 

Draw a straight line BC=2’2". At B and^ C make 
angles ABC and ACB=5 
pecfcively cutting at A. 

fi 

Then ABC is the required triangle. 

Measure the eid«B BA and AG and the z, BAC 
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Ili will be found Ibafi BA»2 5", and the i. BAG 

c=57“ (very nearly^ 

the triangles constructed in both cases are indentically 

equal. 

6, Draw a veritical hue AB=3*5*^ representing the 

height of the window ^ above the ground From 

BdrawBC=l2'' perpen \ dicular to AB which is 

the distance of the ladder / \ from the base of the 

house. / \ 

B* — 


Join AC which represents the ladder. 

Mea«inre AC and it will be found to be equal to 3.7*'. 

The ladder is 37 ft. long. 

6> Let A be any point representing the starting point. 
From A draw AB«=9 9 ^ cm. vertically upwards. 
From B draw BC=2 Py cm perpendicular to AB. 
Then C represents the j / fiual position. Join CA and 
measure it. 


It will be found to be equal to 10 1 cm. 

.*. The distance from the starting point is 101 metres. 


7. Draw a horizontal line BG=3'’’ At C make an angle 
BCA=42'. From B ^ draw BA perpendicural 

to BC meeting CA in A. 


B 




Then BC represents the shadow, AB the direction of the 
rays of son and AB the vertical pole 

Measnre BA and it will be fonnd 2*7^'^ long 
,*. the pole IS 27 ft. long 
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8. Let A be the starting point of the snrreyor.v From 
A draw to ^ the right. At B drop a 

perpendicular BC=3'' to V I^AB vertically np- 
\raTd«. From C draw CD =4 5" perpendicular 

to BC to the left Join A " 3 

Measure BA and it will be found to be 4*24^. 

the distance of the point D from the starting point A 
is 424 yards. 

Also measure the jL BAB aiid it vrill be found to be 
135". 


irom me 


.*. the point B bears a north westerly direction 
point A. 

9 Let B and C be two points at a distance of 2 6 cm 
apart. Join BC and at the point B moke an 

^ CBAs=33" and at the 

Sr, the two arms of 

< 

BCA meeting at A« 



point C an z. BCA = 
the angles CBA and 


/ Then A represents the position of the vessel, ‘ 


Measure AB and AC, It will be found that AB ‘=5 2*81''' 
and AC«1 55". 

/, the vessel is 281 yards from B and 156 yards from 

a, / 

Drop AB perpendicular to BC, 

t 

Then B represents the nearest point on the shore, 

Measure AB and it will be found 1*53" long. 

the vessel is 153 yard from the nearest point on the 

enore. 


3 



( M 

10 Make an angle ACB=24i’ having the eidee' ACi> 
CB=2'45'^ and 3*2'^ 5. respectively. 

\ 

.C 



Then A and B repiesent the two points in the park hel* 
ween which the lake intervenpo, and C represents the third 
point from which both A and B are accessible. 

Join AB and measure it. 

It wiH be found that AB=2 li" 

.*. the distance between the points A and Bis 214- 
yards . 
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1, Let ABC he any trianglel 



It IS required to prove that any two angles of the A 
AB3 are together less than two right angles, 

Take any point D in BO Join AD. 

Proof —Because in the A ABD, BD is produced to C 

f ^ / I 

the exterior ADC is greater ttban the interior 
opposite /L ABD, or ABC ^Iheor 8) 

Again, because in the A ADO. DC is produced to B 

I 

.*. the exterior ADB is greater than the interior 
opposite /. ACD, or ACB (Tbeor. ‘S) 

f 

A-nW together less than the A.® 

ADO and ADBl 
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Bub the Z.® ABC and ADB together =3 2 rb. ‘ 

(Tbeor. 1) 

the Z.® ABC and ACB of the A ABC are together 
less than 2 ro Z.®. 

Q B. D. 

2. Leb ABC be a triangle and B be any point within it. 
Jom BB and CB. 

f* 

It 13 required to prove that the z. BBC i3 greater than 
the z. BAG. ‘ 

{%) Frodnce BB beyond B bo meet AC in Bi 


A 



In the A ABB, AB is produced to 0 

( .*. the exterior z. BBC, or z. BBC is greater than the 

. interior opposite Z. BAB, or Z.BAC fTheor^S.) 

Again, in the A BBC, E'D is produced to B 

.*. the exterior Z BBC is greater than the interior 

opposite z Dec, ' ' ' ' 1 , 

still more is the z BBC greater than the Z BAG. 

‘ (n) Join AB and (produce AD beyond B to meet BG 

in F. ' ' 



In the A ABB, AB is produced to F 

’ ’ f 

.*. the ext. z BBF }s .greater than the mb. opp, 
Z BAB (Iheor. 8; 
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In the A ADC, AD is produced to I* 

/. the ext. L. PDC is greater than the int, opp, 
i. CAD vTheor. 8J 

the Tfhole JL BDC is greater than the whole /. BAC. 

Q E. D. 

3. Ijet ABC he any triangle and let the side AC be 
produced both ways to P. the points D and E. 

•4 - 

e 

It is required to prove tbit the exterior angles BAD 
and BCE so formed are together greater than 2 rt. /.®. 

The BAD and BAC togethpras2 rt Z.® iTheor. 1) 

. and the Z.® BCE and BOA touether=s2 rt z.® iTheor 1) 
.*. the z.^ BAD, BAC, BCE and BCA together 
S=4 rt Z.®. 

Bat m the A ABC, the z.® BAC and BCA are together 
less than 2 rt. z.® (Cor. 1. Thtor 8) 

i the z.® BAD and BCE are together greater than 
2 rt Z.®. 

Q. E. D. 

4 Let AB be a ^ren straight line and let C be a given 
point ontside it, 




lb is required to prove that there cannot be drawn rtihre 
than two straight lines of the same given length from 
C to AB« 

Draw two equal straight lines CD and CB to AB and 
ifjpossible let CP be another straight line equal to CD or CB 
drawn from C to AB. 

Proof. — Because CD=CB (by construction) 

/. the z. CDE=the A CED (Theor. 5) 

Again, becaii«»e 00=0^^ (by supposition) 

' the A CDP = the A CPD(Theor. 5) 

' .*. the A CED = the a CPD 

fljthe ext. A CED=the int. opp. a CPD which is 
absurd according to Theor 8 

CF 13 nob equal to CE or CD. 

CE and CD are the only two equal straight) lines 
drawn from C to AB. 

Q. B. D. 

5. See Fig. in Ex. 5 on p 13. 

Let ABC be an isosceles triangle and Jet the equal sides 
AB and AC be produced to any points D and E respectively. 

, It 13 required to prove that the exterior A ® CBD and 
BCE thus formed are each an obtuse angle. 

Proof — Because in the A ABC, AB= AC (given) ' 

/. the A ABC=the a ACB <Theor. 5) 

But the z.® ABC and ACB are together less than 2 rt. z.® 

(Cor. 1. Theor, 8) 

t 

Hence, each of the z.® ABO and ACB is acute 

Bub the z.® ABC and CBD together=2 rb, z.® (^heor. 1) 

the A ABO is acutej hence the A CBD is obtuse. 

I Also the z.® ACB and BCE together =2 rb. z.®. 

, - (Theor. 1) , 
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bat the i. ACB is acute, hence the jL BOB is obtuse* 
f«e , each of the ext. and BCB is obtuse. 

Q E D. 

Page 34. 


1. Let ABC be a right-angled triangle, right angled 



It is required to prove that the hypotenuse BC is the 
greatest side. 

Proof.~In the A ABC, the z. BAC is a rt jL 

hence, each of the Z.® ABC and ACB is acute 

(Cor 2 Tbeor. 8) 

the z. BAC IS the grealiesk angle. 

Because the Z. BAC is'greater than the z. ABC 
theeide BC is greater than the side AC (Tbeor 10) 
Again, because the Z. BAG is greater than the Z. ABO 
the aide BC is greater than the side AB (Tbeor. lOi 
BC IS the greatest side. 

Q. E. D. 

2, Let ABC he a triangle in which BC is the greatest 



It 18 required to prove that the side BC makes acute 
ancrles with each of the other sides AB and AC, i e., the angles 
ABC and ACB are acute. 

Proof — 'Because BO is greater than AB given) ' 

.*. the Z. BAC is greater than the Z. ACB ('Iheoi. 9) 

But the z.® BAC and ACB are together less than 
twfo light angles tOoi. Theor. b) 
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tbe L. ABC is less than a right angle, or, is an acute 

wangle. 

Similarly, it can be proved that the z. ABC is an acute 
•angle. 

Q. E. D. 

8. See Fig. in Es. 2 (i) on page 29. 

Let ABC be a triangle anti let two straight lines BD 
and' CD be drawn from the ends B,C, to meet at D within ^ 
the triangle. ' 

It IS required to prove that BD aud DC are together less 
than BA aud AC. 

Produce BD to meet AC in E. 

’ Prcof. — 2 a the /Ji ABB, AB and AE are together greater 
than BE (Tbeor 11) . 

By adding EC to both, we have ) 

ABandfAE+EC) i.e^ AB and AC together greater 
than BE and EC. 

Again, in the DEC, D£ and EC are together greater 
than DC (Theor. H) ^ ‘ 

By adding BD to both, we have 

. BE u c,BD+DE) and EC together greater than BD 
and DC 

.*. Still more are AB and AC greater than BD and DC 
or, BD and DC are together less than AB and AC. 

' I Q. Et D» 

> 4. Let ABC bo an isosceles triangle of which the haso 

BC is produced to any A point D aud let AD bo 

3o.d.d. ■ '/i-] 


B 


C 


D 
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, It IS required to prove that AD is greater than either of 
the equal sides AB and AC of the ABC. 

Proof. — In the A ACD, DC is produced to B 

the ext. L. ACB is greater than the int. opp, L. ADB ^ 

.'.thp A ABC IS greater than the L ADB ( V Z.ACB= 
Z.ABC by Theor. 5 ) ' ' ’ 

(Theor. 8 ) 


.*. the side AD is greater than the side AB (Theor. 10 ) 
but AB=AC 

the side AD is also greater than the side AC. 

' Q S. D« 


j 5 . Let ABCD be a quadrilateral in vrhich the greatest 
Side DC and the least _ side AB are^opposite to, 

A D 

one another. 




r It is required, to prove that the A ABC is greater than 
the Z.ADC and the Z.DAB is greater tbanithe ,^BCD. j 


Join BD 


Proof. — In the A ADB, AD is greater than AB (given) 

I the /. ABD 18 greater than the l, ADB (Theor. 9 ) ' * 

Again, in the A BDC, DC is greater than BC (given)^ 

thi Z. BDC 18 greater than the Z- BDC (Theor. 9 ) 

the z.® ABD andDBC are'greater than the Z.® ADB 
and BDC , 

or, the Z. ABC is greater than the Z. ADC. 

SimiUrly, by joining AC, 'it can be proved that th© 
Z. DAB 18 greater than the Z. BCD> 

Q< B. D« 


■v. 
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6. L'eb ABC be a triangle in ■which AC is nob greater 
than’ AB, and let A3) be any straight line drawn through 
the vertex A and terminated by ^e base BC. 

It 13 required to prove that A3) is less than ABi 
Jf ^0 IS not greater than AB, it must be either 
(i) eqnal to or (ii) less than AB. 

(i) If AC IS equal to AB, 

A 


B 

then the z. ACB^the z. ABC (Theor. 5) 

Bud the ext. z. ADBis greater than the int. opp. Z. ACiS 

‘ I Theor. 8.) 

/. the z. ADB is also greater than the Z. ABC , 

the side AB is greater than the side AD ^Theor. 10^ 

or, AD IS less than AB. 

(li) If AC were less than AB 


B 

then the z. ABO is less than the Z. ACB (Theor. &) 

But the ext. z. ADB is greater than the int. opp, 
Z. ACB ('Iheor 8) 

thf z. ADB is much greater than the Z. ABC 
AB 13 greater than AD (Theor, 10) 
or, AD IS less than AB. 

, Q. E, D. 

V. Let ABC be a' triangle in which the side AB is 
greater than the side A' ^ ^C, Let the angles 

ABC and ACB be yoX bisected by the lines 
BOi and CO meeting g q at 0. 
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It is required to prove that OB is greater than OC 

Proof — Because AB is greater than AC (given) 
the L. ACB IS gr-jater than the L. ABC (Theor. 9) 

But the t. OBC«= 5 of the L. ABC, 'and the z. 0CB=§ 
of the L. ACB (given) __ 

the z. OCB 13 greater than the OBC ^ ‘ 

.*. OB lb gieatec than OC vTheor. lO). 

Q.E D. 

8. (See Fig in Bx. 2 on p, 34l 

Let ABC be a triangle m which the side BG is the 
greatest side 

It is-required to prove that the difference of any two 
Sides of the ABC is less t^n the thud side. 

'Proof — In the A ABC, BA and AC are together 
greater than BC (Theor. 11) ' 

Subtiaeting AC fioin both we get 

AB greater than BC— AG 
e , AB IS greater than the difference of AC and BC. ’ 

Similailj, it can be proved that AC is greater than 

the difference of BC and AB , and BC being the greatest 
side It IB evidently greater, than the difference of AB and 
AC. 

Q. E D. ' 

' S Let ABC he a triangle and let D be any point within 
the triangle, Join BD, AB and CB. 

, B 



I f ^ 

It IS reqnired to prove that 

(BB + BA+BC) is I»rnatpr than i ^AB+BC+CA) 
Proof—In the A ‘ABB,(AB+B'B) IS greater than AB 
* f' , ' (Theoc, 11). 
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Simlarly, in the A ACD 

•( AD+CD) IS greater than AC. and in the A BCD, 

/L (BD+CD; 18 greater than BC. 

by aamming np these three results, we get 
2 (DB+DA+DCj greater than (AB+BC+CA) 
,%(DB4-DA+DC^ is greater than ^ ^AB+BO+CA) 

Q. E. D. 

10 (see fig. in 5 on p. 34 ). ' 

Let ABOD be a quadrilateral and let AC and BD be 
its diagonals ' 

It IS reqnired to prove that 
, (AB+BC+CD+DA) is greater than (AC+DB). 

Proof. — In the A ABD, (DA+ AB; is groatei than DB 

* (T^heor. 11) 


DB 


Similarly, in the A DOB, 


(BC+CD) '8 greater than 


* an the A’ ADC^ (AD+DC) is greater than AC, 
aud in the A ACB, ,AB+BCi is greater .than AC. . 

summing up these four results .we get . 

2 (AB-f B0+ CD + DA) gi eater chan 2 (AC + BD) 

/. (AB-f BC+CD + DA) is greater than (AC+BD) 

, Q E. D. ' 


“ 11,. Let ABC be a triangle and let A.X bisect the verti- 
al angle BAG meeting BC in X. , 



It is required to prove that BA is greater than BX and 
CA greaiei chan CX. ’ 
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Proof —In the A ABX, BX is prodaced to C ‘ 
the ext^ z. AXC la greater than the int. opp, Z. BAX 
But the z. BAX=the z. CAX (given) 
the Z. AXC IS greater than the A CAX 
AC IS greater than CX (Theor. 10) 

Similarly, it can be proved that BA is greater than BX 
By adding these two last results, we get < 

AB and CA greater than BX and CX , 

1, e., AB and CA;are together greater than BC. 

Thus we obtain another proof of Theorem lli 


^ Q> £!• D* 

12 Let ABC he a triangle and let D be any point within 
the triangle. Join BA.' ' A BB and BC. 



It is required to prore that (BA.+BB +BC) is less, than 
(AB+BC+CAb 


Frodnce BB to meet AC in E. 

Proof. — In the A ABE, AB and AE are together greater 
than BE (Theor. 11) 

Adding EC to both, we have 
' AB and AC e , EA+BC) greater than BE and EC. 

In the A BEC, BE and BC are together greater than BC-i 

(Theor. 11) 

Adding BB to both, we have 
, BE (t e., BB+BB) and EC greater than BO and BB 
/, AB and AC are much greater than DO and BB. 


3 



) 

- Similarly, by prodncinp OD to meet BA it can be 
proved that AB and BC are greater than DA and DC, 
and that AC and BC are greater than AD and BD. 
Sammintr np' tlieae three result*’, we have 
2 (AB+BC+AC) greater than 2 (DA+DB+DC) 
or, (AB+BC-f AC) greate** than iDA+DB+DC) 
i. e., (DA+DB+DC; is less than lAB+BC+AC) 

Q E D. 

13. Let ABCD be a qnadnlateral whose diagonals AC 

andBDcntone . another at E. 

1 " n g 

Lot E be any ' point 

within the / quadrilateral 

as in the Ist. qS^^IL— figure or, out- 
side the quad* rilateral as in 

the 2nd’, figure 

It 13 required to prove that (AC+BD) is less than (EA+ 
EB+EC+PD', , 

Proof. —In the A APCj PA and PC are together greater 
thanAC(rheor 11) ^ 

In the A DPB, FD and PB are together greater than 
BD (Theor. 11 > 

Sumniinp np tbesp two re^uUs we get 

(PD+PB + PA+PC gieif-r than ^AC+BD) 
or, 'AC + BD) IS less than (PA+FB + PC + PD) 

"VThen'the point F c incifi"S with E the point of inter- 
section of the diagonals AC a ud BD, the proposition fails. 

Q. E. D. 

14. Let ABC be a triangle and let BD be the median to 
AC. 


A 


B 
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It IS required lo pro^e that AB and BO are toother 
greater than twice the median BD 

Produce BD to any point £ making DE^^DBr Join C£. 
Proof — ^In the two and DEC 

f AD— Do I given) 

Because-^ BD=DE (by constrnction) 

and the /. ADB=:the JL EDO (Tfaeor. 3) 

two A® are equal in all respects (Theor 4) 

80 that^ AB— EC. 

In the A BEC, BC and CE are together greater than BE 

(Theor. 11) 

or, BC and CE are greater than 2 BD 
BC and AB are greater than 2 BD 

Q< D( 

15, Let ABO be a triangle and let AD, BE, CP be itr 
medians. , 
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It is required to prove that (AD+BE+CP) is less than 
(AB+BC+CA). 

Produce AD to any point G making DC— AD. 

Join CG. ! 

Proof.— ‘In the A® ABD and DGC 
fBD=DC (given) 

Because ■( AD— DG 0 y c-mstructionl 

and the Z. ADB=the JL GDC (Theor. 3) 

.*. two A® equal in all re'^pects (Theor. 4) 
so ihar, AB— 6C. 

In the A A6C, AO and CG are together greater than 
AG (Theer. 11) 
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OT, AC Rucl CC are together greater than 2f 
/. AC and AB are greater than 2 AD 
Similariy, BA and BC are great<;r than 2 BE 
and, CA and GB are greater than 2 CP 
Summing up these three resuU?, we have 
2 (AB+BC+CA> greater than 2 (AB+BE-fCP) 
iAB+BC + CA) is greater than (AB+BE+CP) 
or, (AD+BE-hCP) is less than (AB+BC-f CA> 

Q. E. D, 
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1. Let AB, CD and P^ be parallel to one another and 


let EP be a straight line 
Qf H, K respectively. 


If the JL EGB be 55’ 



icutting AB, CD, P^ at 


It is required to find each of the GHC, HKQ, QKP 
in degree?. 

Because AB aud CD are parallel and EP cuts them,, 
therefore the exr. Z. EGB=tfihe int. opp. z. GHD on the 
same side of the hne EP t'lheor. 14; 

the z. GHDssss^d* 

The z. 6HC is supplement of the z. GHD 
/. the z. GHC=lhO*-55"=125*. 

Because AB and PQ are parallel and EP cnts them 
/. the EGB^the z. GKQ or HKQ (Tbeor. 14) ‘ 

But the z. EGB =5 5% the z. HKQ = 55‘. 

The jL HKQ IS supplement of the z. QKP 

But the Z. the z. QEP =5180* -55’ =* 12 . 5 *; 
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S. Let AB be a straight hne and let DC, EF be aoy twd 
Btraighb lines perpendi* c e oular to AB. 


It IB required to prove'that CD and EF are parallelt 

Froof — Becanse AB cufta two straight lines CD and EF 
and it makes the interior angle CDF equal to the exterior 
angle EFB 

CD &nd EF are parallel (Theor. 13) ' 


Q. E. D. 

3 Let the straieht line cut three parallel straight _ 
lines AB, CD and EF at e the points 6, B[ and E!' 
respectively and let it be * »} p perpendicular to AB 
at G. E— SI — F 


It is required to prove that GE is also perpendicular to 
ED and to EF. 

Proof.— Because AB and DC are parallel and GE cuts 
them 

the Z.AGH=fhe alternate L. GHD (Theor. 14) 

But the Z. AGH=a rt. z, 

, ,the Z.,GHD 13 a rt. /. 

e., 6H IS perpeudicutar to CDt 

Bimilai ly) it can be proved that GE is perpendicular to 
EF and to any straight line parallel to EF. 


Q* E. D. 

4.r Let ABC and DEF be any tvro angles whose arms are 
parallel, each . to each, that is, 

AB 18 parallel , / /d / /» to DE and BO 

parallel to EF- qL-JL^c 

— c F- 
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Ifc is reqnijfed to prove that the angles ABG and DE!E*‘arQ 
either equal or supplementary. 

Let BC and BE out at G. 

Proof.— In the 'first figure, because AB and GD are 
*parallel and BC meets them 

the est Z- DGG=the infc. npp. z. ABC (Tlieor. 13) 

Again, because GO and EP are parallel and BE meets 
them 

the est z. B3C=the iufc opp. A BEP (Theor. 13) 

,*. the A ABC=the a BEP 

In the second figure, because AB and' BE are parallel 
and BC cuts them 

the A ABC= the alternate A BGE (.Theor, 13) 

Again, because BG and EP are parallel and BE meets l 
them 

.*. the two int. A® BGE and BEP are together equal 
to 2 rt. A® 

the A® ABC and BEP together =2 rt. A® 

i. e., the A® ABC and BEP are supplementary. 

^ Q. E. D. 

5. Let AB and CB bisect one another at 0« 

Join AC and BB. 



. It IS required to prove tliao AC and BB are parallels 
!Pfoof. — In the two A® AOO and BOB 

f AO =B0 (given ) , 

Because •< 'OC=OB (given) 

(. and tUe A AOO = the a BOB (Theor, 3).'> 
4 
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the A® are equal in all respects (Theor. 4) 
so chat, the L. 0AC=sthe OBD, and these are alternalB* 

angles 

/. AC and BB are parallel (Theor. 14) 

Q« £Sk !)• 

6. Let ABO be an isosceles triangle and let BE be any 
straight line parallel to BG« ^ 


! It is required to prove that BE makes eqnal angles TTitlr 
AB and AC, ^ the /L ABE=flhe 1. AEB 

Frooir. — Because BG and BE are parallel and AB meets 
them 

j the ext. ZL ABB=sthe lot.- opp^ ^ ABC (Theor, 14) 
Again, because BC and BE are parallel and AC meets 
them ^ ' 

/. the ext, jL AEB^bhe int. opp, z, ACB (Theor. 14) 
Bub the z, ABC -the z. ACB (Theor. 5) 
the z, ADE=the z. AED. 

Q. B. D, 

7, Let ABC be an angle anti let BB be its bisector* 



From B an’ point in BD a straight line EP is draym 
parallel to BC meeting AB at P, 

It is required to prove that the A BPE is an isosceles 
triangle. , 
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Because PE is parallel to BC and BTT meets then® 
the PEB=the altieniaie z. BBO ( L'beor. 14) 

But the Z. PBE =» the Z, EBC tgiven) 

' /, the z, PEB=-6he Z.PBE 
PE=PB (Theor 6) ' 
c., the A PBE IS an isosceles triangle. 

Similarly, by drawing EG parallel to ABit can be proved 
fhat the A BGE is an isosceles triangle. 

8 Let ABC be an isosceles triangle. From X any point 
in BC,XZ IS dtawn per- z pendiciilar to BC, cutting- 


AC m Y and meeting 



BA pioduced in Z. 


It is required to prove that AYZ is an i^o^celps triangle. 
The Z.BA0 IS bispct«>d by AD meeting BC m D. 

Proof— In the A® ABD and ADC 

C AC=i AC ibeing sides of an isosceles triangle) 
Becaues AD is cnminnn to both 

(. and the Z. BAD=theA CAD'(bv construction)’ 

two A® are equal in all respects (Tneor. 4) 
so that, the Z ADB=!the Z.. ADC, and these being' 
adjacent angles each is a rt. z. 

, Since BC cuts AD and ZX, and makes the int Z® ADX 
and DXZ together equal to 2 rt. Z® 

.'. AD and ZX are parallel (Theor, 18) 

Becanse AD and ZX .are parallel and BZ m^'cts them 
. the ext. Z- BADsatho mt, opp. Z AZX or AZY 

(Theor. 14) 
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Again, because DA and YZ are parallel and AT meets 
them 

the Z. DAY = the alternate Z. ATZ (Theor. 14) 

But the z. BAD^the Z.DAY or DAC (by construction) 
the Z. AZT=the Z. AXZ ( i ^ 

AZ=AT (Theor 6) 

, ^ c , A AYZ 18 isosceles. . , , n w 


9 Let CE be the biSeotor of the exterior angle ACD of 
the triangle ABC which ^ E is drawn parallel to the 
opposite side AB. . 


It IS required to prove that the triangle ABC is an isos- 
celes trial gle 

Proof — Because AB and CE are parallel and BD meets 
them 

/. the ext z. ECD=theiDt. opp. Z. ABC(Tneor. 14) 
Again, because AB oud CE are parallel and AC meets 
them 

the z. BAC=the alternate z. ACE (Theor. 14) 

But che z. ECA=the Z. ECD (given) 
the z. ABC = the z. BAC 

BC=AC (Theor 6) ‘ ' 

%. e.f ABC is ap isosceles triangle. ‘ 

’ Q E. D. 

10 Let ABC be an angle and let BD he its bisector. ' 
From E any point in*BD the straight lines EP 

and ’ EC are drawn' /e^D Parallel to BC and 
AB lespectively 'meeting „ _ AB, BC at P and G. 

V- . ; 8 g a 
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Ib is requireii to prove that FB and EGr are equal and 
that tile figure FB GE is a rhombus. 

Join FG. . I 

Proof.— ^Because EF and BG ore parallel and BE meets 
them 

the L. FEB = '•he alternate i. EBG (Theor. 14) 

But the L. EBC=bhe z. EBA (given) 
the z. FEB = the Z.EBF 
FE=FB fTheor. 6) 

Similarly, it can be proved that GEs=GB 
, Now, ID the two A® EFG and FBG 

f EP=FB (piovfed) 

Because GB=GB (pioved) 

and FG IS common to both 

, /, two A® 'to equal in all ret*ptcts (Theor. 7) 

i so that, theZ. FGB=the z. BGF 

Bub the z. FGE=the alternate Z. BFG (Theor. 14) 

/. the z. BGF=z. BFG 
I BG=BP (Theor. 6) 

But BF=FE and BG=GE 
BP=GF=BG=FE 
^ the figure FBGE is a rhombus. 

Q. E. D. 

11. Let AB be a stiaighb line and let CD be any 
straight line intersecting e c f AB at D. DE 
and DF bisect, the z.® CDB 

respectively. Through X A— any point in^ DC, 
YXZ is drawn parallel to , ‘ AB and termina- 
ted by DE and DF at Y and Z. . • ' ^ ’ 
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It la'reqmredt to prove that YX and XZ ato equal- 

Proof —Because YX and AD are parallel and YD 
(meets them 

the /L ‘XYD=the alternate /L YDA (Theht.' 14) 

But the z. ADY=tbe z. YDX 
the z. YDX-=the z. XYD' 

XD=YX (Theor 6)' 

Similarly, it can he proved that XD=XZ 
YX=XZ 

‘ " Q'B p. 

12 Two straight rods PA and QS start parallel and 
pointing the same wty, and PA revolves more rapidly thin 
'QB Then they will be again' parallel 

W pointing oppooiie ways when PA has made half a 
revolution more than QB, 

and (^^) pointing th'e same way when PA has made one 
complete revolution more than QB ^ 

Now, PA makes 1<: complete revolutions in a minute 
and QB makes 10 complete revolutions in a minnte. ‘ 

PA makes 2 complete revolutions moie >thaD’ QBin 1 

min 

0>) PA makes ^ revolution more than QB in ^ min. 
or 15 sec 

{ii) PA makes 2 complete revolutions more than QB’in 1 
min. 

' .*. PA makes 1 eondplete revolution more'' than QB 
ini' min. or 30 sec. 

The two rods PA and QB will be again parallel, 

pointing opposite ways after IS ssc and vW) pointing 
the same way .after 30 sec., when they Btart pardlel and 
pointing the same way. > 
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X We "know 1;bab lihree angles bf every triangU are 
■together eqaal 'to 2 re. Z.® (Theor. 16) 

We also know that, in an equilateral triangle all the three 
angles are cqaal to one nnother 

flach -angle =J of 2 rt. Z.® 

=1- of 180“ 

= 60% 

^ We know that three angles of every triangle are 
together equal to 2 rt, z.® tTheor. 16) 

In a right angled isosceles trlan^le, one angle is a right 
angle. 

the sum of the other two -angles iB2 rb. z®— 1 rt. 
Z or 1 rt. z. 

But the equal sides of isosceles triangle subtend equal 
•angles 

- Each of the equal angles=^ of 1 rt. ^*=45“. 

3. We. know that three angles of every triangle are 
together equal to 2 rt. Z® ('^heor. 16) 

The sum of two angle3=360’— 12.‘}“=159" 

the third angle = 180“--l/)9“=2r. 

4. We know that three angles of every triangle ard 
together equal to *2 rfe. z® iTheor. 16) 

In the ABC, the z® ACB*f- ABG+BAC~180“ 
But the z® ABC-kACB=lH*+42*=168“ ' - 

the z BAD=j«0“-1j3“=:27“. 

5. ABC is a triangle whose side BC is produced to D» 
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If the exterior z. ACD be 134* and the z. BAG be 42* 

, It i<* required to find bhe remaining interior angles ABC 
and ACB 

{The Z. ACB is supplement of the z. ACD 
the Z. ACD=134*, the z. ACB =180*-134*=46* 
Three angles of every triangle are together equal to 2 rt^ 
Z.® (Theor 16) 

the z. ABC=180*- (the z.® BAC+ ACB) 

- ==1>0*- (42"+46*) 

= 180* -83" 


6. fSee Fig. in Ex 6). , > , 

ABC IS a triangle •nrhinie aide BC is produced to D '' 
jLeb the exterior z. ACD b.* 1 18* and the z. ABC be SI*, 
It IS required to find the Z..® BAG and ACB. 

The z. ACB IB supplement of the 'z. ACB 
" But the' z. ACD=:.ll8', /.the ^ACB=l80*-ll8"=6a*’ 
The sum of the Z.® ACB and ABC=b2"+51*=113’ 
Three angles of every triangle=2 rt. Z.®. 

/. the,Z.BAC=180"-113* 

e 


=67*. 


'7, , Xet ABC be a triangle and let DAB be parallel to. 


the base BC drawn 


:zs: 


•thiough the vertex A. 


It IS required to prove that the three angles of the triangla 
ABC are togetliPi equal to 2 rt. z.® 

Proof.— Because DJ3 and BC are parallel and AC meets, 
them 
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the iL EAC— fche alternate Z,ACB (Theor. 14) 

Again, becaoM DB and BC are parallel and AB meets 
them 

the L. DAB=6he alWnatP Z. ABC (Theor. 14) - 

the Z.BAC f the z. DAB=fh*- z. ACB + the Z.AB0 
To each of these equals add tn Z. BAG 

the z. ABC+the z. BAC+the z. ACB 
=the z. DAB + the z. BAG + the z, EAC 
s=2rfc. z.® ^Theor 1) 

Q. B. D. 


1 8. Let AB, BC be any ttro straight lines cutting at B> 

and let ED, EP be two ^ , other straight lines per- 


pendiculars to AB, EG 



respectively. 


It is required to prove that the acute anglp bettveen AB^ 
BC 13 equal to the acote ang'e between ED, BP. 

Produce PE to meet AB m G. 

Proof. — Because in the A GDE, the Z. GDE is a rt. z.. 

, the snm of the 4 S DEG and DGB is al'.o a rt. z, 

-t. e., the z. DGE is complement of the z. DEG (Theort 
16. Inf. 3) 

- Again, because in the A GIBP, Z.GPB is a rt. z. 

the sum of the z.® GBP and BGP is also a rt. Z. 
t, &, the z. GBP IS C'.oiplement of the z. BGP, or DGB 

(Theor. 16. Inf. 3) 

«% the 4 DEG = 5 : fhe 4 GBP (Cor. 3, Theor. 1) 

- . ^icbc 4 ABC 


! 


Q« £. 
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1. Suppose ABC is o triangle in v.hich Ihe angle ABC is 
double and the angle ACB treble of the angle BAG. 

It IS required to find each of the angles ABC, ACB and 
Bag id degree*. 

Tne z. BAC+the z. ABC+tho z,ACB 

*= z. BAC+2 z. BAO+J z. BAC 

=6 z. BAC. 

But the z. BAC+thc z. ABC-ffche zL ACB=160* 
(Theor, IG lot. 1} 

6 z. BAC=1S0' 

z. BAC=dO’, z. ABC=2x30*, or G0\ and 
JL ACB=.lxd0‘, or 90*. 

2 In an isescolcs triangle ACB the angles Eubtonded 
by < qua! si(l< s are equal (t) 5iicb of the bitso angles 
ABC and ACB IS donbio of the veriicoi angle BAC 

It IS required to find oath ot the angles ABC, ACB and 
BAC jn degrees 

the z. BAC+thc z.ABC+tho z. ACB 

*= z. BAC+2 + BAC+2+ ACB 

=5 z. BAG 

But 4ihe +*» BAC, ABC and ACB=180' (Theor. 16, 
Inf. 1) 

5 + BAC=lt<0* 

z. BAG=3G*, z. AB0=2x36" or 72’, and z. ACB- 

t2' 

(ii) Each of the bas™ angles ABC and ACB is four 
times the vertical angle BAC. 

It IS r.‘qiured to find each of the angles ABC, ACB and 
BAC in degrees. 

+BAC+ A ABC+ z. ACB= Z.BAC + 4Z.BAC+4Z.BAC 
=9 Z. BAC 



Bab A BAC+ z. ABC+ l. ACB^ISO” (Theor. 1<5. Inf. 1) 
9 z.:BAC«180“ 

*or, L. BA0=20", z. ABC=4 x 20% or 80“ and z. ACB=: 
80“ 

3. Let BE be a straight hne. Take any two points B 
sand C in DE. At B and' R % C make z.® EBA and 
DCA~94* and 126* res- jN. pectively, the sides BA 
and CA meeting m A. ^ b 0 ® 

It IS required to find the vertical angle EAC. 

Because the z.® ABE and ABC together 5 = 2 rt.- z.® 

(Theor. 1) 

the z. ABE=94*; the z. ABC=180"~94“=86“ 
the exterior Z. ACT)— ant. opp. Z.® ABC and BAC. 
the z. ADC=126' and the z. ABC=8b“(Obs. Theor. 16) 
.*. the z. BAC= 126“ -80*^40“. 

4. In a triangle ABC, thp sum of the base angles ABO 
and ACB is 162* and their difierence i** 60“. 

It IS required to find all the angles ABC, ACB and BAO 
,of the triangle ABC. 

Suppose the z. ABC is greater than the Z. ACB 
Because the z. ABC + the Z. ACB=lGii“ 
and the z. ABC—the Z. ACB— 60" 

' by adding we have 2 Z.ABC *=;162“+G0“»222* 

z. ABO^i. 222“= 111 * 

and by subtracting wo have 2 Z. ACB — 16 2“— 60® — 102“ 
Z. ACB«i. 102“= 51“. 

Again, because the A® ABCq- ACB+BAC— 180* 

Inf. 1 Theor. 16) 

the A BAC=180*-(ABC+ACB) 

= I to* -102" 
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' Let ABC be a triangle in .which the 'angles ABC" and 
ACB are equal to Si* and 62% respectiTely 

and the ant^les ABC and 
BO and CO lespectively, 
ing at 0 

'( 

It IS required to find the z.'® BAC and BOC 
In the A ABC, the /.s ABCV ACB+BAC=180‘ 

(Theor. 16. Inf, 1) 

the z. ABC=!84" and the z. ACB=62‘’ 

' the Z. BAC=180‘-(z.ABC+z. ACB) - 

V s= IrtO •— (M+*-1 -u2 j ‘ 

,= ,80"-146‘ 

’ the z. 0BC«i A ABC«5. 84*=42’ 

, , and the z. OCB— ^ Z. ACB=i ej'ssSl* 

In theAOBC, thez.® 0BC4-0CB+B0C=180* (Theor. 16. 
Inf 1) N 

the z. BOC = 180’- (z. 0BC+ z. OCB) > 

= 1n0'- (42’+31’; 

= 180'- 73’ 

= 107’ 

6. Let BC he a straight line. At B make the angle DBA 
=74’ and at C makethe f angle BCA = 62 ’, the 

Sides BA, CA meeting m /\ " ^ Produce AB, and AC 

to any points B^and P / \ g respectively. Let the 

bis ‘ctors BO, CO of the 7\/V tenor angles CBK 
and BCP mt Pt in 0. ^ o 

^It is required to find the Z. BOC. 
the z.® ABC and CBB=2>rtt -Z.® =180* (Theor. 1)" 

Bub the z. AB0=74’, the z.CBB=180’-74’=ia6* 



ACB are bisected by 
the lines BO, CO meet- 
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CBOi=^ L. CBB=ix 106 ^=53 
also, the ACB and BOB = 2 rt. Z.s = l80“ (Theol?. 1) 
But the z. ACB=62'’- the z.BGP= lb0'’-62'=li8'‘ 

; the z. BC0=i z. BCP=ix ii«'=59“. 

In the A BOO, ihe z.^ BCO+OBC+BOC=180“ 

.‘.the z. BOC=i«sO*~ (z. BCO+Z.CBOKTheor. 16.’ 
Inf. 1) 

' 1=180“- (59“+53“) 

=180“ -112“ 

= 68“. 

7. In a quadrilateral the snm of all the angles is 4 rt. 
Z.® , b'‘cause by' joining any of its diagonal, the figure 
Xquadrilaternl Tis divided into two tnanerles and we know 
the sum of all angles of a triangle to be 2 rt. Z.® '^Theor 16). 

the sum of three angl{?s=114|*4*50“+7'‘i|"=240" 
the sum of four angles of a qiiadnlateial = ). rt. Z.®=3G0* 

Ur .*. the fourth aTigle=360* — 240*=l20"» 

8 In a qnadrilat-’ral ABCD, the Z. ABC =2 z. BAD, 
the 4. DCB=1 z. BAD and the z. ADC=4 z BAD. 
the z BAD+zABC+z DCB+z ADC 
= z BAD+2 z BAD+3 z BAD+4 z BAD 
= 10 z BAD 

~ But the z BAD+z ABG+ z DCB+z ADC=360" 

.*. 10 z BAD=3hO“ ' ' . 

.*. z BAD=36"'' z' ABC=2 x?6“=72“; 

Z DCB=->x 36“=108“, aiidz ADC =4x36“ = 144“ 

r 9. All the interior angles of a pentagon + 4 rtjZ®=l0 
rt. z® i.Cor. 1. Theor. 16) 

.*. all the interior angles of the pentagon = 10 rt, Z®“* 
4 rt. Z®=6 rt. z® = 540“> - ' u 



X 
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the Slim nf foar angles of the pentagon's* i0*-f78t-f 122* 
4.135'=3r5* 

the fifth angle=540'’--tJ75'’= 165“ 

10. It IB required to prove that in any regular polygon’ 

2 (■ 71 — 2 ) 

of n sides each angle contains — — — nght angles. 

(i) Because all the interior ane’es of any rectilineal< 
figure of 71 side3+4 rt Z.s=s2 n rt a® (Cor. I Theor. 16J 
all* the interior angles == 2 n rt z.S — 4 rt z.® 
=2(7i~2>rr 

We know that in any figure there are as many angles as-* 
there are sides 

/. a figure oontaiinng n sidhs has-n angles 

71 angles =2 (71—2) rt z.® 

2(n-2)’ - 

each angle ~ ^ - rt« •'J.® 

(^^) Let ABCDEF&H be a regular polygon of tj sidec' 
and- hence having all 


By joining one vertex A to each of the>others fexcept the* 
two immediately adjacent to A), tb »n is, by j ’ining AC, AD, 

AE, AP, the figure will be divided into (71—2) 

triangles 

Because in every triangle the sam of three angles 

= 2rtiZ.® Theor, 16) 

all the angles of (n—Z) triangles =2 * « — 2' rt z..® 
i. e>, all the angles of the polygon AB0DEP6H 

ss2[n—2)xi, z.*. 
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"We know than thora are as many angles as the figure has 
sides. 


« /. a polygon of n sides has n angles ; and the value of n 
angles— 2 (71 — 2) rt. 

each angle of the polygon ABGDEF6H = ^ rt. 
angles. 

II. It is required to 'find the number of ^ide5 in the re- 
gular polygons each of whose angles is (^) lOS", and (ii) 156\ 

Because «D-{-3(30“=7i. ISO*, where D denotes the 
number of degrees in an angle of a regular polygon 
sides (Tneorr 16. Gor. 1) w 


(«) n. 108" -1-360* =71.180* • 

orj7i(180"-108*i=360" 
or, 71 72“=8 o0* 



i. c., the figure has 5 sides, 
and (ill 71 156*-fS60“=7i 180* 
or 71. 180“— i56*)=SoO* 
or 71. 2l*=3o0* 


1 . c., the figure coacains 15 sides. 


1 12 Begular figures can be fitted together so ns to .form 
a plane snrtace only ivhen Uie sum of oh»* consecutue angles 
formed at any point within that plane by placing them 
together is equal to four right angles. 

But since each of the regular figures has the same num- 
b|r of sides, therefore the consocutiive angles so formed at 
that point are all equal to one another. 



( 
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Gadb Gf (ihe^a don^ecufeiva angles must be a fa6tof ft! 
tour right angles, or 360°. 

since a (regular) &ga re mnsb have at least three sides } 
therefore the least value of an angle of a regular polygon its 
60°. 

Also the angle of a regular polygon tnttst in every case 
be less than 180 ° 

the magnitude of the angles of all such polygons lie 
between 60 uud 180°, including the former and excluding, 
the lattei. 

Again, hf=canse the factors of 360° lying between 60* and 
180* (including 60°, and excluding 180°) are 60°, 72°, 90° 
and 120° , and of these factors 72° iB not the valUe of ah 
angle of any teunlar polygon 

the regular figures, which can be fitted together so 
as to form a plane surface, must have the value of tbeir 
angles 60°, 90° or 120° , that is, they must be equilateral 
triangles, squares, or regular heicagons. 

PagB 47. 

1. Bpcause all the exterior angles of any rectilineal 
figure=4rt (1 heor. *16 , Cor 2) 

and all the angles of a regular polygon are equal 

each of the exterior angles of a re gular polygon of 
six 6ide«=J- of a rt. of 80 ’, or C0°. 

But each of the interior angles of an eqiiilatel'al triangle . 

o 

I*, the extv angle of a regular hexagon =the int. angle of 
an equilateral triangle 

' 2. B C'lu'-e all the exterior angles of any rectilineal 
fignret=4ic (Theor. 16 Cor. 2) 

and all the angles of a regular polygon are equal 

liach of the exterior angles of a regular OClt^gon ' 
(of eight 84 des)=f of a rt. A =S- of 90°, or 45 “ 



5fnd, [ii) ea(5h of the exterior anj^les of a regular decagon 
(10 stdcs)=jV of a rfc z. --is of 90“, or 36*. 

3. Suppose the 6gure coatains n sides , then there aro 
n equal exterior angles {because the figure is regular) 

(i) the value of each ext. angle =*=30“ 
r.. 30“ = 4rt. z.s==360* 


.\n— 


.Sf'O* 


30 '* 


('ll) the value of each ext. angle =20“ 
n. 24“ =4 rti z.®==360“ 

A 


.*.w= 


21 


= 16. 


4. Let AO meet two parallel straight lines AB, OD and 

let the two intener u_a angles BAO and AOD 

on the same side of ^ AO be bisected by AE 

and OB rcspictively, meeting at E. 

It IS required to show that the L. AEO is a rb. A. 

Proof.' — Because AB and OD are parallel and AO meets 
them 

.*. the int. aS BAO and AOD =2 rt* A® (Theor. 14) 

the A 0AE=i of the A BAO ; and the A A0E = ^ of 
the A AOD 

the A® OAE and A0B=5 of A® BAO and AOD 

= 1 of 2 rb. A® 

= 1 It. A. 

Jn any triangle the sura of the three angle3==2 rt a^ 

(Theor. 16) 

A in the A AOE, the a AEO =2 rt. a® -(a® O'AE 

+ AOE) 

= 2 rb A®— 1 rt. A 
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, i c.,the bisectors of the z.® B&.0 and AOlS meet sfr* 
right augles. 

Q E D. 

5. (See Fig. in Ex. 3 on p. 45). 

Let ABC be a triangle whose base BC is produced 
bothways to points D and E. 

It IS required to prove that the exterior z.® ACD 
ABE— the veitical angle BAC=^2 rt 

Proof —The ext. z.ACD=the int z.® ABC+BAC 

(Obs Tbeor 16) 

also, the ext. z. ABB=the int. z.® ACB+BAC 

(Obs. Theor 16) 

By adding we have 

the ACD+ABE=z.® ABC + BAC-l-ACB-l- BAC 

or, zlACD+Z-ABE-z. BAC=z. ABC+z. BAC+zlACB- 

=2 rt zL,® (Theor. 16) 

i.e , the ext z.® ACD + ABE — the vertical angle BAC 
!=2 rt. z.®* 

, , Q E D. 

6. (See Fig. in Ex 5 on p. 45) 

(Let ABC be a triangle and let the base angles ABC and 
ACB be bisected by BO and CO meeting at 0. 

It is required to show that the zi. B0C=9Q*4- — • 


Proof.— the Z, 0BC= - and the z 0CB=^-^^^' 

z < 2 

In the A 0BC,^the z® OBC+OCB+BOC==180“. 

‘ (Inf. 1 Theor. l'6) 


or, the z BOC- 


Z ABC . z ACB 


=180*...(1) 


In the A ABC, the z® ABC-hACB+BAC=lSO* 

(Inf- Theor, 16) 




4 

< * 


Z. ABC . 2. ACB z. BAC 

2 2 2 




180‘=90*...(5) 


Subtracting (2) from (1) we have 

^ B0C-— = lS0“-90*=90” 

/. z. B0C=90’ + ^^-|^ 

JU 

7. (See fig. in Ex. 6 on p. 4{J). 


Q, E. D. 


Let ABC bo a triangle whose sides AB and AC are pro-^ 
tlnced to any points B and F respectively. Let the exterior^ 
angles CBE and EOF be bisected by BO and CO meeting* 
at 0. 


It IS required to show that the angle B0C=90“ — 

Proof— In the A OBC,the z.^ OBC+BOC+OGB=r80' 
2 z. OBO+2 z. OCB+2 z. BOC^SfiO” [(Theor.afi) 
or, z. CBE+ z. 3CF+2 z. B0C=360”...a) 
z. EBC+ A ABC+ z. BCF+ a . BCA^o60“...>(2) 

subtracting [ 2 ) iiom (1), we have { Thtor J) 

, 2. z. BOG— z, ABC— the z. ACB’=6 , 
or, 2 z. BOC= z. ABC+ z. ACB 

In the A ABC, the z. ABC + the z. BAC + the z. ACB 
s=lcO*(Int. 1. Tueor. lb} 

ABO+ z. ACB=180“ — z. BAC 


2 jL 300=180"- the z. BAC 

or, z. BOC = 90"-- - ^ 4 ^ 2 

' . « 


Ql '’E» Bt 
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8. Let ABCD be any quadrilateral and let any two con- 
Eccutive angles ABC and g BCD be bisected by 
BE and CE respective!} « ^ meeting at E. 

0 

It ip required to show that the angle BEC=5(^ BAB 
•f £- ABC) 


Proof— In the A BEG, BEC+EBC-i-ECB=lSO* 

(Thbor. 16. Itif. 1) 


2 L. BEC+2 z. EBC+2 £. ECB=36o* 
or, 2 z. BEC+ z. ABC -p z. BCB=3faO ..O) 

In the qiindrilact-ral ABCB, Z.ABC -}- Z.BCB+ Z.CBA 
L. DAB=3bO’.. ^2, 

Subtracting t2) from (1), "we have 

2 z. DEO— z. DAB— z. ABC=0 
or, 2 z. BEC= z. BAB+ z. ABC 
z. DEC=i tz. BAB+ z. ABC). 

Q. E. D. 


9. Let ABC be an isosceles triangle •W’hose vertex is A 
and whose equal sides are D AB, AC, and the side 


BA IS produced to any 
equal to BA. Join BC. 



point B making AB 


It IS required to show that BCD is a right angle. 


Proof —Because AB=AC (given) 

. L. ABC= z. ACB ^Tnsor. 5) 

, •hgain, bi-cause aC=AD 


.. z. ACDsas ADC ^Theor. 5) 



( eg ) 


/. /L ACD+/. ACB=the £. DBC+the l. BBC 

=:^ of 2 rt. 


=l rfc. Z. 

or, the z. BCD is a rt. Z. 


Q. hi> Dr 


30 Let ABC be a right-angled 
C. The hypotenuse AB e 
CD is joined. 




triangle, right angled at 
is bisected at D and 


It is required to prove that CD=:| AB. 

Produce CD to any point B making DE=CD. Join BE. 
Proof — In the two A® ADC and DEB 

f AD=DB (given) 

Because-^ DC=DE (by tfonstracbion) 

and the z. ADC = the z. BDB (Theor. 3) 

two A^ are equal in all respacts (Theor. 4) 
so that, the z. DAC = the z. EBD, and AC=BE 
In the A ABC, the z. ACB is a rt z. . 

the z.® BAC-|-ABC=1 rt. z. (Inf. 3. Theor. 16) 
the z.® EBD+ABC=^1 rt. z. 
or, the Z- EBC is a rt z. 

In the A® ABC and EBC 

f AC=BE (proved) 

Because-^ BC is common to both 

and the z. ACB=the Z. EBC (being rt. Z.®) 
two A^ s-re equal in all lespecss (Theor. 4) 
po that, AB=EC 
ButDE=JEC, .% DC=JAB. 

Qi E‘ D< 
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1 Let ABC be an isosceles triangle whose equal sides 
are AB and AC Fiom B ami C perpcndiculaia 

BD and CE are drawn to 
xively. ) 


It IS required to prove thatBD and CE are equal. 
Proof — In the A ABC, because AB=AC 



the Z. ABC = the z. ACB (Theor 5) 

In the two A® BBC and EBC 

f the z. BDC=the Z. CEB ("being rfe z.®) 
Because-^ the z DCB=the Z EBC ('proved) 
and BC la common to both 

.• two A® are equal in all respects. (Theor, 17) 
to that, BB=GE. 

Q E D. 


2 Let ABC be an 
From G any point in 
and 6E aie drawn to 


angle and 


ii: 


let BB be its bisector 
BB perpendiculars' GE 
AB and BC lespLctiTeiy. 


It IS required to prove that EG and GP are equal. 
Proof — In the two A*^ EBG and BGE 

f the z GEB=the z GPB (being rt Z®) 
Because the z EBG=the z GBP (given) 
and BG IS common to both 

’ two A® are equal in all respects (Theor, 17) 
BO that, EG=GP. 


Q E. D. 



n ) 

S. L»'t AB bs R straight) Itno ^vhosc tnidtiio point is 0, 
*nd let EOF bo another E. straight lino drawn 

through 0 From A p and B perpendiculars 

AX,BTare draN\n on 

It IS rcrpiiroi to prove that AX and BY arc cc[ualt 

Proof. — In the two A** AXO and BYO 

f the A AXO=thQ A BYO (being rt. jl^) 

Because *{ the l. XOA = the ^ BOY (Thcor. 3) 
l^ and AO=BO (given) 

tao A** arc equal in all respects (Thcor, 17) 

so that, AX=BY. 

4. (Sco Fig, m B’t. 1 on p. 19). 

Lot ABC ho a triangle and lot the bisector AB of tho 
vertical angle BilC meet the base BC at right angles in B. 

It is required to prove that ABC is an isosceles triangle* 

Proof —In the two A*’ ABB and ACB 

f the L. ABB = tho z. ABC (being it z,*’) 

Because the z. BAB^thc z. CAB (given) 

‘ and AB la common to both 

two A^ are equal in all respects (Theor. 17) 

BO that, AB=sAC 

the A ABC 18 isosceles. 

Q. E, D. 

5. (Sco Fig. in Ex. 1 on p. 19). 

Let ABC be a triangle and let tho porpondicular AB 
drawn from tho vei tex A bisect the base BC. 

It is required to prove that ABC is an isosceles triangle. 
Proof.— In the two A” ABB and ACB 



( ) 


f B1)=DC (eiven) 

Because AD is common to both 

l_ and the z_ ADB=the l_ ADC (being rt. Z.®) 

two A® we equal in all respects (Tfaeor. 4) 
so that, AB=AC. 

the A ABC is isosceles. 

Q.E D> 


6 Let ABC be a triangle and let AD the bisector of 
the vertical angle BAG A bisect the base BC. 



It IS required to prove that ABC is an isoscqles triangle. 

. Produce AD to any point E ranking DE=AD. Join EC. 
Proof — In the two A® ABD and DEC 

f AD==DE (by construction) 

Because BD=DC (gneni 

and the z. ADB=the z. CDE (Theor 3) 
two A® are equal in all respects (Theor. 4) 
so that, AB=CE, and the z. BAD=the z. DEG 
But the z. BAD=the z. CAD (given) 
the Z. CAD 5= the DEC 
or, the z. GAE=tbe z. AEG 
AC=CE (Theor. 6j 
But AB=CE (proied) 

.-. AB=AG 

the A ABC is isosceles. 


Q. £ D. 
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Let the straight Hue EF meet two parallel straight 

_g terminated by them 
be the middle point 


lines AB, CD and be ^ 

at E and E. Let Gr 
ofEP. 


E R 




It IS required to prove that G is equidistant from AB 
and CD. 


From G draw GH perpendicular to BA and produce HG 
to meet CD in K. Then HK is also perpendicular to CD. 

Proof — In the two A® HGE aud GFK 

f EG=GP (eivenl 

Bacause-^ the z. HGE=the z. E6E tTlieor. 3) 

and the Z. EHG—the Z. GKH(being rt. z.®) 

/. two A® are equal in all respects (Theor 17) 

so that, HG=GK 

.*. G IS equidistant from AB and CD. 

Q. E. D. 

8. Let the straight line EF be drawn between two 
parallel straight lines AB, e r ^ CD and be teimi- 
nated by them. Let ihe ' straight > line EF be 

bisected at K, aud let D GKH be another 

straight line drawn » through K and ter- 

minated by the parallel straight lines. 

It 13 required to prove that GK=KH 

Proof — In the two A® GKE and FKH 

fthe z. 6KE=«ho Z. FKH (Theor. S) 

Because ^ the z. EGE=the alt. z. KHF (Theor. 14) 
\,and EK=KF » given) 


( 74 > 

♦*, two A® we equal la all respects (Theoi* 17) 

BO that, GK=]IH > ’ ’ 

< 1 . e , the straight line GH passing through K the middle 
point of EF and terminated by the parallel stiaight hues 
AB, CD IS bisected at K. 

Q E D 

9. (See. Fig in Ex. 8) 

Let AB, CD be two parallel straight lines, let EF be 
any straight line terminated by the parallel straight lines 
and let K be its middle point. 

Then K is equidistant from the two parallel straight 
lines AB, CD. 

Let GKH be another straight line drawn through K and 
terminated by the parallels. 

I 

It 18 required to prove that GE=FH. 

Proof — In the two A® GKE and KFH 
r KE=KF 

Because-^ the z. GKE=the z. FKH (Theor 3) 

^ ( and the z. GEK=the alt. HFK (Theor 14) 

, two A® are equal in all respects (Theor. 17) 

, BO that, GE=FH. 

Q. E. D. 

)10 LetABCDhea quadrilateral in which AB=AD 

and BC=CD Join AC B and BD and let then! 
cut at E 

D 

It is required to prove that (^) AC bieect«» the angles BAD 
and BCD, and i%i) AC is perpendicular to BD. 

Proof.— , 1 ) In the two A® ABC and ADC , 
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f j^B='AI) (given) 

Because-^ BC=CD (given) 

(.and AC 13 common to both 

/. tbs two equal in all respects (Theor. V) 

so that, the jl BAG = the z. CAB, and the z. ACE 
^=the z. ACD 

1 c., the z® BAB and BOB are bisected by AC. 

(^^) In the two A® ABE and ABB 

f AB = AB (given) 

Because AE is common to both 

and the z BAE=the z BAE (pioved) 


.*. two A® are eqo^l in all respects (Theor, 4) 

so that the z ABB=the'Z AEB, and these being 
adjacent angles each is a light angle. 

.*. AB 18 perpendicular to BB 

, AG IS perpendicular to BB. 


Q. E. B. 

11. Let A be a point on the bank of a river and let B bo 
9.n oV'jsct immediately op- d posite to A on the oiber 

— indicates the breadth 


bank. Join AB Then AB 
of tbe river. 


B 


From A draw a straight line AC at right angles to AB, 
^and let 0 be the middle point of AC. 

Join BO 

From C draw CD perpendicular to AC meeting BO pro- 
duced in D, Then D represents tbe point from which 0 
atid B are seen in the same direction. 

It IS required to prove that CB is eijual to the breadth 
•of-^the river. y 
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proof — In the two A® HOC and AOB 
( OC=AO ^eriven) 

Because the z, DOC=ihe z. AOB (Theoi 3) 

and the z. DCO=the z. BAO (being it. Z-.®) 

two A® are equal in all respects (Theor. 17 y 

BO that, CD— AB 

Hence CD is equal to the breadth of the river. 

Q B. D. 

Page 54. 

1. (%) It is required to state the properties of a triangle 
relating to the sum of its interior angles 

The sum of all interior angles of every triangle =2 rt. 

(Theor 16) 

i^^) It 18 required to state the properties of a triangle 
relating to the sum of its exterior angles. 

If the Bides of triangle be produced successively in the 
same direction, then the sum of all its exterior angles shus 
, formed is equal to 4 rt. angles (Cor. 2. Tueor.. 16^ 

In a polygon of ‘ji. sides the property corresponding to (^) 
is that the sum of all the interior angles together with four 
right angles =2 ti rt z.® (Cor. 1 Theor 16; 

The triangle shares the property {%i) with every other 
lectilineal figure. 

2 It IS required to classify triangles with regard to 
their angled. 

With regard to angles, the triangles are divided into (%) 
acute-angled triangles, (ii) light angled triangles, and ifiii) 
obtuse-angled triangles. 

Assumption made in this classification is that every 
triangle must bare at least two acute-angles.. 

(Theoi^ Cor. 2) 



f 
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■ 3 . ll is reqaired to enunciate two tbeorems in 
Crom data relating to the sides a conclasion is drawn relating 
to the angles. 

If two sides of a triangle are eqnal to one another, then 
the angles opposite to the equal sides are equal to One 
another (Theor, 5) 

If one side of a triangle is greater than another, then the 
angle opposite to the greater siae Is greater than the angle 
opposite to the less tTneor. 9 ) 

In the A ABC, because a=c=3*6 cm. 

/. the A=the jl C iToeoi. 5) 

and because a or c is greater than b 

the ^ A or the A C is greater'than the Z. B. 

(Theor. 9) 

the z. B IS the least angle 

Again, because the Z. A = the Z. C, therefore each of 
them must be an acute angle , and because tbe Z. B is less 
than the z. A or the Z. C, therefore the Z. B is also an 
acute angle. 

ABC is an acute angled triangle. 

4. It IS required to enunciate two theorems in which 
from data relating to the angles a conclusion is drawn relat- 
ing to the sides. 

If tfto angles of a triangle are equal to one another, then 
the sides opposite to the equal angles are equal to one another 

' (Theor b) 

If one angle of a triangle is greater than another, then 
tbe side opposite to the greater angle is greater than the 
side opposite to the less (Theor. 10; 

(^) A==48’andB=5r, /. A+B=48+5r=99’ 

Z.«’A-{'B-{-C=l{iO" iTheor 16. Inf l) 

/. C=l'.0’-(A+B;=l80'-99*=8l' 

Because C is the greatest angle , hence c is the greatasD 
side. ° 
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A=B=G:2i", A+B = G2i° + 62i"=l23‘''" 

A + B+C=iSO° (Theor 36 Inf. 1) 

C = 1S0“-(A+B)=180'*-125'=55’’ 

G IS tho least angle and c is the least side , 

(Theor. 10)' 

A=B, a—h. (Theor 6) 

Hence the arrangement of the sides in order of their , 
lengths IS a, b, c. 

5 In the equality of triangles amfngmty arises when 
tuo sides of one triangle is cqu^l to two sides of anotner tii> 
angle, and the angles opposite to shorter pair of equal sides 
are also given equal 

(ti Because A A= A A'=7r, A B=A B' = 46° and* 
a5=a'=3 7 cm. 

e 

.*, we have two angles A and B of tho triangle ABC 
equal to tvro angles A' and B' of the triangle A'B'C', each 
to each, and the side tt of tho first equal to the corresponding 
side a' of the other, hence the A® ABC and A'13'C' are 
equal in all respects (Theor. 17) 

The AS A+B=7r+4(i'=ll7'’ 

The aS A+B 1-C=180* (Theor 16 Inf 1) 

.. the A C=1S0 '-(aS A+B) 

= 180* -117 '=63' 

Construction— Take a straight line BC = 3 7 cro* 

( 

At B and C m»ke the a® CBA and BCA equal to 46* 
ubd 63' rcspeocively, the arms BA and CA of the angles 
meeting at A Then ABC is the required tiiangle. 

The A A'B'C' can similarly ho constructed. 
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r" (li'. Because «=a^=i'2 cm., &==&'= 2*4 cm#’and/*0 

^ L. c'=sr 

A 


B 

/. "we have tvro sides a and 6 of the tmnglo ABC equal 
to two sides a' and 6' of the triangle A^B^C', each to each; 
and the included angle C of the htht equal to the included 
angle C' of the other, hence two ABO and A^B^C'^ are 
equal ni all respects ('Pheor. 4) 

Construction — Take a straight lino BC = 4.2 ffti At 0 
make the /l'B0A=dl” making the arm AC=2*1; cm. 

Join AB 



Then ABC is the required triangle, 


Similarly the triangle A'B'C' can be constructed. 

(tit). Because A=A'=3G% B=B'=12l'’ and C=C'=i 
23% 



vre have three angles A, B, C of the triangle ABC 
equal to three angles A', B', C' of the triangle A'B'C', each 
to each, hence the tivo triangles ABC and A'B'C' are either 
identically equal or similar. 

Construction — Take a ‘stiaight line BC of any length, 
.fit B and C make the L.^ CBA and BOA = 121’ and 23’ ics- 
pecti'vely, the arms BA, CA meeting at A. Then ABC iS 
the required triangle Similarly the triangle A'B'C' can be 
constructed taking B'G' equal to BC when the tiiangles will 
be identically equal , or making B'C' greater or less than BO 
•when the triangles will besimilart 



( so ) 

'(iii) B-cause asi=a'^3 otn., 6=6'=s5*2 cirii aid c=c^=^ 
5 coii . 



"We have bhree sides a, b, c of the timnorle ABC equal td 
three sides a'^ b', c' of the tiiangle each to each, 

hence the two triangles ate equal m all reipects ^Theor. 7) 

Construction — Take a straight lmBBC=3 cm With 
Centres B and C and radii equal to 4 o cm and 5 2 cm draw 
two aics cutting at A Join AB and AO. Then ABC is 
the required triangle, 

Similarly the A A'B'C' can be constructed. 

(v) Because b=6's=4‘S cm. c=c'=5 0 cm. and z.B=s 
^ B'=53". 


k 



.*. We have two sides b, o of the triangle ABC equal to 
t'wo sides b', </ of the triangle A'B'C', and the angle B 
opposite to shorter side b of the fiist equal to the corres- 
ponding angle B'^ opposite to shorter side b' of the other l ' 
hence the ambiguity arises. 

Construction— “Take a straight line BC of any conve- 
nient length. At B make the z. CBA=55<i" making the 
arm BA =6 cm. With centre A and radius»4 3 cm. draw 
an nic cutting BC m two points C and B on the same 
Bide of B. UeucL there are two triancles ABB and ABC 
which satisfy the given conditions Siinilary we can get 
the triangles A^B C^ and A^B^B*^ satisfying the given 
conditions. 
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i'Oi) Because z. C*=Z. C'=90“, tj=:c'=t5 cm. and a=5[ 
•a'~3 cm, A 



We have two ri^ht-angled triangles ABC, A'B'C' 
'right-angled ac C and G', and one side a and the hypote- 
nuse c of th“ A ABO respectively equal te one side a' aad 
the hypotenuse c' of the A A'B'C' , hence two triangles are 
equal in all respects (Theor. 18) 

Construction — ^Take a straight line BO =8 cm. 

At C draw CA perpendicular to BC. With centre B 

and radius=5 cm , draw an arc cutting OA m A. Join AB, 

Tnen ABG is the leqnired triangle 

Similarly the A A'B'C' can be constructed. 

6. (t) It IS rt-qiurt^d to state g»*nerally under nhafi 
conditions two triangles are necessarily congruont. 

Two triangles are necessarily ciugrueiit in any of the 
foUoTviDg cases ^ 

(1) When two triangles have two sid s and the inclu- 
ded angle of , the one equal to two sides and the incliidod 
angle of the other. 

(2) When t fo triangles have three sides of the ono 
equal to three sides of the other. 

(3) When two triangles have two angles and any ono 
side of the oni» equal to two angles and the corresponding 
side of the othei. 

(4) When two triangles are right-angled, and one eido 
and hypotenuse of t,h»» one equal to the corresponding side 
and hypotenu8“ of the other. 

(^^) It IS required to state generally nnder what con-’ 
ditions triangles may or may not be congruent. 

r 

6 
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- -Two tnattgles fnay or may nob be congrnenb in any of 
the following cases — - 

(1) When two triangles have three angles of the one 
equal to three angles of th'e other. 

(2) When two triangles have two sides and the angle 
opponbe to shorter given side of the one equal to two sides 
and the angle opposite co’the shortei given side of the others 

7. It IS reqmied to explain carefully that if two triangles 
have their angles ‘equal, each to each, the tiiangles are not 
necessarily equal in all respects because the three data 
are not mdepende'it. 

If two triangles have two angles of the one respectively’ 
equal to two angles of the other, then the third angle ot the 
one must be equal to the thud angle of the other (Theor, 16. 

Inf' 2) \ 

Thus the third relation is only a consequence of the fiist 
two Hence the three data Ore not independent Without 
some further data we cannot conclude that the triangles are 
equal in all respects 

Page 55. 

8. Let AB be a straight line and C he any external 

point. From C draw CD perpendicular to AB. 

JiBb CE and CP he any ' two obliques making 

equal angles ECD,PCD / with thi. perpendicular 

CD Let^ GC be any y „ other oblique such thab 

the /L DOE is less q p g ® than the Z. DOG 

(^) It IS required to prove that the perpendicular CD 
13 the shiiriest lmc> ' 

Proof,— ,l a the A ECD, the z. EDC is a rt angle 
I he Z. CED is an acute angle (Theor 8 Cor. 1) 

.*. ih“ z. EDC 13 greater than the z. CED 
CE IS greater than CD (Theor. 10) 

> 



Simllartv iftcnn be proved tlvit any other oblit^ue drawn 
from C to AB «a greater than CD, 

the perpendicalar CD is the shortest line 

ixi) It IS required to prove that the obliques CE and 
CE are equal. 

Proof — In the two A® GBD and CDF 

f the L. BCD= he Z. DCF f given) 
because •{ th»* Z. EDO =5 the z. CDF being rt. Z.^) 
and CD i-< comtnoo tj both 

.*4 two A® aro pquil in all respects (Theor. 17) 

so that, GE=CF< 

(^^^) It IS re , Hired to prove that CF is less than CB. 

In fcho two trinnul-s EDO and COF, the Z. El)C=* tho 
Z. CDF, and the z. EOD=-ui 0 z. FCD 

the third z.CED=»r>!ie thud Z.CFD ^'Pii'or 16» Inf. 2) 

In the A CFG-, the ext. Z. CFD is greatei than the int. 
Z. CGE( incur. H) 


the z. CEG IS also grfatec than the Z. CGB 
.*. CG is greater than CE. 

i.e.f CE IS less than CG. The oblique CE m ikes smaller 
angle with the peipeudicular CD than the oblique CG makes 
with CD. 


Q. E D. 

9. Let ABO aud DEF two triangles in which AB=;DE, 
AC ^DF and „ „ the angle 


ABO =; the 


t U 


A DEF. 
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(i) It is required to prove that the jl ACB=ihe JL DFE 
and in this case the ABC and !D£F are equal in all 
respscte 

If the z. BAC be equal to the z. EDF, 

Proof —Then in the two A® ABC and DEP •' 

r BA=:DE 
because AC=DP 

I, and the z, BAC=the z. EDP 

the A® are eqnal in all respects (Theor. 4) 

so that, the z. ACB»bhe z. DFE. 

It 16 required to prove that the jl ACB is the supplement 
of the JL DPE. 

If the z BAC be not eqnal to the Z EDF, let the 
Z EDF' be equal to the z BAC. 

Proof — In the two A® ABC and EDF' 

f AB==ED 

Because the z ABC = the z BEF' 

and the Z BAC = the Z EDF' 

two A® ore equal in all respects 'Theor 17) 

So that AB=DP' and the z ACB=: he z DF'E 

But AC=DF (given ) ; DFs=DF' 

the z DFF'=the z DF'F (Theor. 5) 

Kow, the z DF'F is supplement of the z DF'E 

the z DFF' IS supplement of the z DF'E. 

Or, the z DFE is supplement of the Z DF'E 

But the z DF'E=the z ACB 

the z DFE IS supplement of the z ACB. 
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10. Let XY be a straight line of any length. "From 

^ any point in p XY draw PQ=4 

era perpendicu lar to XY. Thi ough 

draw obli- l\vOvr ques PA, PB, PC, 

PD, PE, nia- CL A B C D E Y j.jyg jjjjg angles 

QPA, QPB, QPC QPD, QPE equal to 15", 30", 45", 60", 75" 
respectively with PQ. 

Measure PA, PB, PC, PD, PE and it will be found that 
they are equal to 4*1 cm., 4*6 cm., 5 7 cm., 8 cm. and 
15 6 cm respectively. 

11 . Let PAB be any triangle in which AP=s3 cm. and 

AB=4 cm With centre A and radius 

= 3 cm., draw a p semi-circle P^P^P^ 

As the angle A p increases from 0"to 

180", the point P moves on the semi- 

circle from PjL to Py ^ 7 ^ — 

Let APo, APg, AP^, APj, and APg denote the succe- 
ssive positions of AP according as AP makes the Z. PoAB 

=30", L. P3AB=60", z. P^AB=9o', P.AB= 120 ", PoAB 
=150". 

APj denotes the position of AP when it makes an angle 
equal to 0 " with AB, and APy denotes the position of AP 
when it makes an angle equal to 180° with AB. 

Join BP„ BP 3 , BP,,BP 3 , and BP,. 

Measure P,B, P„B, P^B, P^B, P,B, P,B and P^B and 
it will be found that Py^B=l cm., P„B =2 cm, P 3 B= 3*6 

cm P^B=4 cm , P^BssB 1 cm., P,B =6 8 cm., and PyB =3 
7 cm. 
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12 Let C and D be any two points at a distance of 
21" apart. Join DC and produce it beyond C 

to any point B. 



BBA ~ 40’, the arms CA it>d DA meeting lu A. From A 
draw AB perpendicuiat i>o DC ptoduced. 

Tnen AB indicates the Oagstaff. 

Measure AB and it will be found S‘7" long 

.*. the dagstaff is 37 feet high. 

13 Draw any veitioal line PQ = 1*26", From Q draw 
QB perpendicular to PQ. Ac P make the L. QPA = S3* 

the arras PA, PB 
and B respectively, 
~ 67* and the 
(Tbeor 16 Inf. 1). 



and QPB «= 57 *, 
meeting Q,B in A 
Then the /, PAQ 
Z. P B ft « 33*, 

II > I ■ — ■ I ■■ ■ I 

A 8 

Then A and B indicate the two boats. 

Measure AB and its will be found to be 1*12" 

,*. The distance between two boats A and B is 112 ft. 

14i From any point A diaw a straight line AB=S" in 
a south-easterly direction. ir At B make an angle 

ABL~ SO’ At A draw perpendicular to 

AB meeting BL in L 



Then L indicates the lighthouse. 
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MeasuTO AXj &Tid BIj and it will ba found that Ali® 
1*73'' and BL=3*465‘*. 

The distance of the lighthouse from A^S^G yds, and 
its distance from B=t)93 yds 
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1. Let ABCD be a quadrilateral whose opposite sides 
are equal, i e., AB=C3) ^ ,0 and AI)e=BC. 


It. i*( required to prove that the figure ABCB is a paraL 
{elogtain 

Join BB. 

Proof — In the two A® ABB and BCD 

f AB=CD (el veil) 

Bjcause-'J AD=BC (given) 

I, aiifl BD H common to both ' 

«*. two A® are equal in all respects (Thcor. 7) 

♦JO that, the A ADB=bhe A BBC and the A ABD=the 
A BBC. 

But theoe are alternate angles. 

AD IS parallel to BC and AB is parallel to BO. 
(Theor. 13 

the figure ABCD is a parallelogram. 

Q. E. D. 

2 Let ABCD be a quadrilateral whose opposite angles 

are equal, ^ e. the « _o BAD=the Z. BCD 

the A ABC = the j and A ADC. 

B C 

' i 

, It IS required to prove that the figure ABCD is q 
jparallelogram. 
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Proof — The sfnm of the ABC, BOD, ADC and BAB 

of fche qaadxilateral ABCD is 4 rb (Theor. 16. Inf 5) 

! But the z. BAD=the z> BCD, and the ZLABC=ihe- 
Z. ABC (given) 

the Z. BAD+ the Z. ABC= 2 rb Z.® 

AD and BC are parallel (Theor IS) 

Again, because the Z. ABC=the 2. ADC (given) 
and the z. BAD-f-the Z. ABC=art. z.® (proved) 

the Z. BAD+the Z. ADC=a2 rt Z.® 

t 

AB and CD are parallel (Theor. 13) 
the figure ABCD is-a parallelogram, 

" \ Q E D. 

3 Let the diagonals AC, BD of the qu idnlateral ABCD ' 
bisect each other at 0> . n I'C . AO=OC. and 0B= 

BO. ‘ 



It is required to prove that the figure ABCD is a paral- 
lelogram. ^ 

Proof — ^In the two A® AOD and BOO 

C AOs=CO (given) -- 
Because-! D0=0B(gi\en) 

(. and the Z. A0D=the Z. BOO (Theor 3) 

i 

two A® are equal in all respects (Theor 4) 

so that, the z. AD0=the z. CBO and the z. DAO = bbe 
^ BCO 

Bat these are alternate angles 

AD is parallel to BC, and AB parallel to CD 

(Theor. 13) 



Q. E. D; 
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/. tbe figure ABCD is a parallelogram. 


4. (See Fig. in Ex. 10 on p. 26'. 

Leb ABCD be a rhombus whose diagonals AC, BD cub 
one another at 0. 

It jis required ta prove thab the diagonals AC, BD bisect 
one another at right angles. 

Proof. — In the two A® ADB and DCB 

f AD«=BC (given) 

Because-^ AB=DC (given) 

and BD IS common to both 

two A® are equal in all respects (Theor. T) 

so that, the A ADB = the ^ CBD. 

In the two A® ADO and CBO 

f the Z. ADO = tbe L. CBO (proved) 

Because^ ihe £. A0D=Dhe z. BOC (Theoi. 3) 
and AD=BC (given) 

.*. two A® are equal in all respects (Theor. 17) 

so that, AO =00 and D0=0B 

i.e the diagonals AC and BD of the rhombus ABCD 
bisect one another at 0 

Now, in the two A® ADO and CDO 

f AD=DC 'given) 

Because ^ DO i* common to both 
^ (. and A0=0() (pioved) 

two A® are equal in all respects (Theor. 7) 

so thab the z. A0D=the z. DOC , but these are adjacent 
angles, therefore each is a right angle (From definition) * 
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tbe z. A0D=fche z. BOG (Theor. 3) 

= lifc. z. 

also the Z. I)OC=thp z. AOB (Theor. 3) 

= I rt z.. 

the diagonals AC, BD of the rhombus ABCD cut one 
another at right angles ut 0 

Hence the diagonals AD. BD of the rhombus ABCD 
bisect one another at right angles at 0* 

Q. E. D. 


5. Let ABCD he a parallelogram whose diagonals AC,_ 


BD are equal. 



V 

It 18 required to prove that all its angles are right angles* 

Proof.— In the two A® ABC and ADB 

rBC = AD (Theor. 21) 

Because.^ AC==BD fgi ven) 

. l. and AB is common to both 

.’. two A® are equal in all respects (Theor. 7) 

so that, the z. ABC= the Z.DAB. 

Because AD and BC tre p.ii allel and AB meets them > 

.*. Z. ABC + z. DAB = 2 rt z.® (Theor. 14). 

But z. ABC = the z. DAB (proved) 

.*. 2 z. ABC = 2 rt. z.® 


or, z. ABC = 1 rt, z. 
also, 2 Z. DAB = 2 rt. z. 
-or, z. DAB = 1 rt. Z. 




( 91 ) 


Bat the L. ABC ~ the z. ADC (Theor. 21). 

= 1 rt. z. 

and the z. DAB = the /i DOB (Theor. 21) 

= 1 rb. z. 

/. all the angles of the parallelogram ABOD are right 
angles. 

Q. B. D. 

6» (See Fig in Ex. 3). 

Let ABCD be a parallelogram which is not rectangular 
and let AC^ BD be its diagonals , - 

It IS required to prove that DB and AC are not equal. '• 

Proof. — Because the z.® DAB and ABC = 2 rt. 

(Theor. 14). 

and neither of the z.® DAB and ABC is a rt, z 

one of them is acute and the other obtuse. 

Let DAB be an acute angle, then ABC is an obtuse 
angle 

Now, in the two A® ADB and ABC 

B-cause / = BC (Theoi 21) 

C BA IS common to both 

but the z DAB is less tWn the Z ABC, 

.*. DB 18 less than AC. (Theor. 19) 

.*. AC and DB are not equal 

> Q. E< Dt 

Page 60. 

1. {See Fig. in Ex. 10 on p 26). 

Let ABOD be a rhombus and let AC, BD. be its diago* 
nals. , 
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It is required to prova that the rhombus ABGD is sym-» 
metrical about AC and BD. 


Proof. — In the two triangles ABD and BCD 

( AB = BC fgiven) I 
Because < AD = DC (given)* 

Y and DB is common tn both 


two aie equal in all respects (Theor. 7) 

so that, I hf z. ABD =? the z. CJBD and the z. ADB 
w the z. CDB. 


e , BD bisects the z.® ABC and ADC 

If the ^ ABD be turned about BD falling upon tbe 
A BCD then AD' will fall upon DC and AB upon BG 

But AD ss DC and AB = BO 

the A ABD will coincide with the A BCD 
ABGD IS s> mmetrical about BD. 

Similarly it can be proved that the figure ABGD' is gym* 
metrical about AO. 

Q E D 


2. Let ABCD be a square whose diagonals AC, 
one another at 0. . £ 


BD cut 


Joy 


.6 


It is required to prove that the diagonals AC, BD of the 
square ABGD are axes of symmetry . 

Proof.— In the two A® ABD and BCD 
f AB = BC (gi ven) 

Because .{AD = DC (given) 

\.and BD 13 common to both 

two A® aie equal in all respects (Theor 7) 

so that, the z. ABD = the z. CBD and the A. ADB =3 
the A CDB 
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J 

i, c,,3D bisects the ABO and AT)C. 

.*. If the A ABD be turned abont BD falling upon the 
A BCD, then AB will fall upon BC, and AD upon DC 

But AB = BC and AD = DC 

the A ABD will coincide with the A BCD 
.*. the figure ABCD is symmetrical about BD. 

Similarly it can be proved that ABCD is symmetrical 
about AC 

^ e., AC and ED are axes of symmetry of the square 
ABCD 

Q. E D. 

A “quare is also symmetrical about its diameters, that isj 
the lines joining the middle points of its opposite sides, as 
shown by ih' dotted lines EG and EH in the figure. , 

3. Let ABCD be a rectangle ivhose diagonals AC, BD 

cut one another at 0. p 

— 5— 



It IS reqni'-pd to piove that the diagonals AC, BD divide 
the figure ABCD into two conuruent triangles. 

Proof — In the A® ADB and DCB 
f AD = BC ( I’heor. 21) 

Because AB = DO iTheor. 21) 

^ . i^ano BD IS common to both ^ 

two A® are equal in all respects ^Theor 7) 

so that, the jL ABD == the z. BDC and the z. ADB sfs 

the z. DBC. * 

* 

Since two A® ADB and DCB are congruent 

the diagonal DBjdivides the figure ABCD into tW6 
congruent triangles, T ' 
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rimii"rl 5 ’ ifc can be proved thafc the diagonal AC divides 
ABGO into tvio congruent triangles. 

Q Gf Di 

In the A ABD, let AB oe greit^r fcnin AD 
then Z. AD3 i-f gr.-ater than Z. ABD ( Tneor. 9) 

But the Z. ABD = cni the z. BDC (.proved) 

the Z. ADB IS greater than the Z. BDC 

Similarlj the Z. DBG is greater than z. ABD 

4 e , the diagonal BD does not bisect the z<® ABC and 
ADC 

Similarlv it cxn be prnv«>i that the diagonal AC does not 
bisect the z.^ DAB and DCA 

the diagonal-* AG and DB of the dgiue ABCD are not 
uses of ? 3 'mtn‘'try, o cvuss th'* t»vo parts will not coincide 
when the figure la folded about its diagonal-. 

A rectangle IS symmetrica! about Its diameter?, ic,, the 
lines imning tn-* mi Idle noi ita of us opo ••<ite aides, as shown 
by aotted Unes BG and FH in .he ng<>r > 

4. An obliqof parab-lograni has no axi< of symmetry, 
because th** aiagonala do now ui-ect 'he a’'g es through which 
they pa"? and diametJ-rs d» no' amk-* -'qu-il angles with the 
Bides whose m.dille points ir.' j me i liy iheiil 

5. (S-e Fig. in tl«. JO on p 49). 

L'* ABGD ae a qia(ri!a^‘ral m which AB= AD and 
CBs’CD, but the s.td»3 ar.* not all c {nal. 

It IS re juirod to find which of diagonals is an axis of 
ejmtoetry . 

Join AC and BD. 

Proof —In the 'WO A® ABC and ADC 
fAB= AD tenei'j 
Because CB=CO (given' 

^ U^d AC IS common to both 
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A two are equal in all respects (Theor, / ) 

so that, rhe /L ]BAC=the 13 AC and the Z. A0B=a 
the /L ACD 1 e , AC bisects the Z.® BAD and BCD. 

*, If the A ABC be earned about AC faUingr upon tha 
A ACC, then A'R will upon AD and CB upon CD. 

But AB= AD and CB=CD (given) 

the A ABC Will coincide with the A ADC. 

The diagonal BD does not bisect the z.^ ABC and ADC. 

Hence, the figme ABCD is not symmetrical auout DB. 

6. {%) Let ABCD and EFGH be two parallelogi ams 

having two adja- a. .q .—H cent sides AB, BC 

of one respec- j J j lively equal to two 

adjacent sides ® c F s of the 

other, each to each, and the angle BAD of the former equal 
to the angle FBH of the latter 

It IS required to prove that the parallelograms ABCD 
and EFGH are identically equal. 

Proof. — Because rhe z.® BAD and ABC=s2 rt Z.® also 
the Z.® FEE and EFG= 2 ri, Z.® ( Tl^ or 14) 

the z.® BAD and ABC=ir.he Z.® FEH and EFG 

But the z. BAD=the Z. FEH (given) 
the z. ABC = I he z. EF& 

Similarly it can be proved that the Z. BCD=athe Z. FGK 

Again because AB=«0D and EF=GH (Theor 21) 

and AB=EP (given) 

CD=GH 


Similarly it cm be proved that AD^EH. 

parallelogram ABCD to the parallelogram 

that, the point B falls on F 'and the sides BC along 
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But !BC'-=FG (given) 

the point C will falls on G 

And because the Z. ABC=the Z. EFG (pi'o^’ed) 
the side BA will fall along FJS 

But AB=EP (given) 

the point A Will fall on E 

Again because the z. BCD=the -z. FGH (proved) 
the side CD will fall along GH 

But CDssGH (proved) 

the point D falls on the point H , and hence the itide 
AD falls on the side EH 

•. the parallelogram ABCD will coincide with the 
panilielgram EFGH and iVill therefore be identically 
equal to it. 

(it) Let ABCD and EFGH be two rectangles having 

two adjacent ^ AB, BC of she one 

lesnectneU iqual ^ ^ to two adjaceim 

Fides EF, FG of _ „ 1 „ the other, each 

to each ^ ^ ^ 

It IS required tn prove that the rectangles ABCD and 
EFGH are identic illy equal. 

Proof —All too angles of rectangles are right angles 

(Thfcor. 21, Cor. 1) . 

Becadse AB=CD and EF=GH (Theor. 21) 

and AB=EF (given) 

/. CD=GH 

SinoilarJy it can be proved that ADssEH 

Apply the rretang'e ABCD to the rectangle EFGH SO 
that the point B falls on F ind BA along FE , then bi'cnuse 
^he z. ABC** the A EFG (being rb, a®), therefore BC wiU 
fall along FG. 
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Now because AB=:E5 and BCs^sFG (giT^cti) ^ * 

the poiQii A will fall on E and G on G. 

Again because the z. BAD = the C EEH (being rfc. Z.®) 

and the Z. BCD=the Z. EGH (being rb Z.®) 

the side AD will fall along EH and CD along GH 

the point D will fall on the point H» 

/. the rectangle ABCD coincides with the rectangle 
EEGH, and IS therefore identically equal to it. 

Q> El D« ! 

7. Let ABGD and EEGH be two quadiilaterals m 

which AB~E F, b BC=FG, CD=a 

GH and DA= Aj— — ei T'T ^ 

BAD = the X \ X \ z. FEH. 

^ \t} \© 

It is required bo prove thaftho figures ABCD and EPGH 
may be made to coincide with one anothei . 

Proof — Apply the figure ABCD to the figure EPGH, so 
that# A falls on E and AD along EH, then because the Z, 
BAD=bhe Z. PEH, therefore AB will tall along EP. 

Now because AB=EP aud AD=EH (given) 

.*. the point B will fall on P and the point D on H. 

the straight line BD must coincide with the stiuighb 
line HP, foi otherwise two straight lines would enclose . a 
space. 

Now BD coinciding with HP, and the sides DC, BO 
being respectively equal to the sides, HG, PG. each to each, 

the A DBO will coincide with the A HPG 

(Theor. 7)^ 

the whole figure ABCD will coincide with the whole 
figure EPGH. 


7 


Q. E. D. 
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8. Let Ci^BCD be a parallelogram and let AC be g 

dmgonab Let EF be / a straight line passing 

through G, the mid- By f • ^j C die point of AC and 
terminated bv a pair / of opposite sides AB, 

DC at E and E. — 4 


It 13 required to prove that EP is bisected at G. 

Proof — In the two AEG and FGC 

f AG==GC (given) 

Because the Z. EAG = the alternate JL GCF 

and the jl AGE=! the A P6C (Theor. 3) 

two A® ore equal in all leapects (Theor. 17; 
so that, EG=GF 
% c , EF 13 bisected at G 

Q Ei B 


9, Let ABCD be a parallelogram and let BD be any 

diagonal Let AF and CE be perpendiculars 

diavyu fiom A and C to . a BDi 


It IS required to prove that AF=CB 
Proof. — In the two A® AFD and BBC 

( the A AFD=fhe A CEB (being rt A^) 
Because^ the a ADP=tb3 alternate A EBC 
and AD=BC (Theor 21) 

< two A® ire equal in all respects (Theor. 17) 
so that, AF = CE 


Q. E D 

10. Let ABCD be a parallelogram and let X,T respectively 


be the middle points of 
CX and AY. 




the sides AD, BO. Jom 


j 



( )’ 


lb IS Required' to piove that the figure AYC2 is a paral-^' 
lelo gram . 

Proof.— AD IS pqunl and parallel to EC (Theor. 21) 
Bub AX=i AD and CY=i EG (friven) 

AX 13 equal and parallel to CY 

The extremities of two equal and paralhd straight hnes 
AX and CY are joined towaida the ^ame parts by the siraigho 
hues AY and CX 


AY IS equal and par.dlel to CX (7'heor. 20) 

/. the figuie A7CX is a parallelogram 

Q. B 1). 

11 Let ABC and DEF be two triangles such that AB, BO 


are respectively equal and 


\ 



parallel to DB, EP.r 


It is required to prove that AC is equal and parallel to 

DP. 

Place the triangles such that their bases are in the same 
straight line. 

Then m the two A® ABC and DBF 
fAB^sDE (given) 

Because ^BC=EF (given) 

(_and the exD £. ABC=:tho int. L. DBF (Theor. 14) 
two A® ar** equal in oil re^p«*cts (Tneor. 4) 

S') that, AC=DF, and the int L. ACB=r.he ext, Z.DFB, 
AC 18 parallel to DF ^Theor. 13], and al-so equal to id, 

Q. B. D. 

12. Let ABCD ba a quadrilatei al in which AD is equal 
but not parallel 10 BC, and AB w parallel 

to DC. 
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(%) It IS required to prove that the /_ BAD + C. 
BCI)=180'«the JL ABC + the A ADC 

Fiom D and C draw DH and CK parpendicolars to AB 
meeting AB in H uud £. 

Proof — In the figure DHKO, the two int. z.® DB[K 
and HKC=2 it /.s 

DH 13 parallel to KC (Thsor. 33) 

But HK IS parallel to DC (given) and the z.® DHK and 
EHCareit A® (hy construction) 

the figure DHKG is a rectangle. 

DH=KC (Theor 21) 

In the tw 0 A® ADH and BKC 

( AD=BC (given) 
because ■{ DH=KC (proved) 

l^and the Z. AHD=the jl BKC (being rt. ZL®) 

tivo A® are equal in all respects (Tlieot. 18) 

‘ so that, the Z. DAH==the z. ElBC and AH==BK 

^ Since AB and DC are parallel and AD meets them 

the Z.S BAD+ ADC=2 It Z.®=180“ (Theor 14) 

But the z. BAD=the z. ABC (pro\ed) 

/ the z.® ABC*}- ADC~ IbO" 

c , Again, because AB aud DC are parallel and BC meets 
them 

I 

Z.® ABC-i-BCD=2rt. Z.®=1S0* (Theor 14) 

But z. ABC— z. BAD 

the a®BAD+BCD=180'‘ 

^e z. BAD-}- the z. BCD— 180"= the Z. ABC-}- the 
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{ii) Join AC and BD- 

Ifc is required to prove that the diagonal AC=bhd 
diagonal BD. 

Proof — In the two A** ADB and ABC 

f AD=BC (given) 
because AB is common to both 

(^and the A. DAB=the /L. ABC (proved m (i)) 

the A® ore equal m all respects (Theor. 4) 

so that, BD=AC 

(tw) Let E and F be the middle points of AB and DC 
respectively. Join EP. 

It is required to prove that the figure ABCD is symmo* 
trical about EF. 

The figure HKCD is a rectangle (proved in (i)) 

and C,F are the middle points of HE, CD (*.• AH=BK and 
AE=BE) 

/. EF is perpendicular to HE and DC. 

/. If the figure ABCD be turned about EF, so that the 
figure ADFE falls upon the figme BCPB, then beeiuise the 
Z. AEF=the z. BEF and the z. EPD=the z. EFC 
(being proved to be re. Z.®;. therefore AE will fall along EB 
and DF along FC 

But AE=:EB and DF=FC (given) '' 

the point A will fall on B and D on C. 

-A-D will fall along BC, and coinoido with it. 
the figure ABCD is symmetrical about EF. 


Q. E. d: 
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33* Lot AP and BQ indicate the positions of the equal 

^■traighh rods at the ^ time of starting, being 

parallel but pointing /Tk opposite senses, and 

AP' and BQ' their positions at the end of 

any interval of time, 

Join AQ,PB,AB and PQ , and let PQ,AB cnt at 0 

(i) It IB required to prove that AP' is perallel to B^*^ 

Since the hues AP and B^ are initially parallel, 

A PAB=the alternate A QBA (Thcor. 14) 

Then since the rods AP and BQ are turning at equal rates 
in clockwise dll ection a bon t A and B, the angles through 
which they have turned, ms A® PAP' and Q,BQ' are equal. 

By adding we have 

the A® PAP'+PAB=the A QBQ'+ABQ 

or, the A P'AB=:the A Q'BA, but these are alternate 
angles 

AP' and BQ' are parallel (Theor. 13) ' 

Thus the lines will always be paiallcl* 

(it) ‘ It IS required to prove that the line joining P end Q 
Will always pass through a certain fixed point. 

Proof — Because AP is equal and parallel to BP 

the straight lines AQ and BP are equal and parallel 
(Theor 20) 

the figure AQBP is a parallelogram. 

*. Its diagonals AB and PQ bisect each other at 0. 
(Theor 23 Cor 3) 

Again, because A,B are fixed points, therefore 0, the 
middle point of AB, is also a fixed point. 
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passes through a fixed point 0. 

Qf Ei. 

14. lb IS required to calculate the angles of a A ABC 
if the int. A=f of ext. Z. A,8B=4C. ^ 

Because the int. Z. A+oxt* Z. A=180‘’, and the mb Z. 
A=r of ^ A 

f of ext. z, A+ext. z. A=180“ 

or, ' — of ext Z. A = 1S0* 

ext. z. A=180“x — q-=126“ 

/. int. Z. A=i80'-126*=r)4“ 

In the A ABC, z. A + z. B+ z. C= 180° (Theor 1(3 
Inf, 1) 

and the Z. A = 54° 

< /. z: B 4- Z.C = 150°-«4° = 126° 

. 5 Z. C + Z. C = 12G° 

or, J . z C = lio° 

Z C= 12o° X ?• = 54° 

Z B + Z C = 126° and Z C = 64° 

/. Z B = 126°— 54° = 72°. 

15. Lee F, Q, B>, S, represent the points at which the 

jachb changes her r^R course successively 

by 63'. by 78°. by 119° and by 64°, 

starting from the / point P and sailing 

due east Let T 0 be sjf the direction to which 

she had been set so that ^ she is again moving m 

an ea^-terly direction. QP is produced be meed TO at d, 

It IS reqiiued to fiiud what change have been made 
to set the yacht once more ou an easteily course. 

Bdeau.se T 0 is paiallel to P E 

the Z PU0 = the Z QPE=i63°. ' 

Eoiv ^SSTD forms a pentagon 
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/. tbe sum of all its ert angles = 4 rtt z.*’=S60* 

(rbtor. lb Oor 2) 

The sum of the est. angles at IT, Q, S, S=C3'+78‘-i- 
119* +64* 

/. the ext angle at T=360°—>24* = 36* 

Thus the yacht must change her co..>8e 36". 

16 The sum of all the ext angles of a rectilineal 6gare 
= 4 rt z.® iTueor. 16 Cor 2 ) 

the sum of the int. angles of the figure = 4 rt 
(given) 

the sum of the ext and lut. angles of the figure = 4 
rt z.®+4it. z.® ,or, S rt z.® 

But the ext and int angles at any vertex = 2 rt Z.® 

S rt z.® 


the number of vertices and hence of sides 

s= 4 


2rt z.® 


the figure contains 4 sloes. 

tbe given figure is a quadrilateral 

17. It i«? required to construct a neiUagon or five-sided 
figure ABODE 
B=110° the Z.C 
tbe ZL E=152°. 


ha- 


•Cl 


ving given that the A 
the 11..", aD== 93* and 


Take a straight line EA, of any convenient length. At 
E make the A AED=152" At D make the A EDC=93'', 

At C make the A DCB=115". At E make tbe A CBA 
*=110" the arm BA meeting EA in A. 

Then ABODE is tbe required five-sided figure 
It is required to prove that AE is parallel to EG 
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The sum of the inh angles of the pentagon ABODE' 

= 2.5 rt A®— 4 rt Z.® (Theor. IG. Cor. 1) 

= 30 rt z.®— 4rfc. z.s=q rt ^s — 54 O'’ 

th® sum of the Z.® B, C, D and E= ll0''-l-115'+93* + 152“ 
=470" 

Z. A =540* -4 70" = 70" 

z. EAB+ z. ABC = 70" -fl 10* =180" =2rt z.® 

AE is parallel to BC (Tneor. 13) 

18. Let AP, AQ indicate th« positions of the rods aft 

the time of starting ; o-Z ^ — ! AP ‘Starting from tho 

direction AB and A1 j inrning clockirise at 

the nnifnrm rate of / / 7V «\ s 'cond about A, 

and BQ starting «iinultaneou««ly from 

the direction BA " and turning counter 

clockwise at the rate of S^* a «econd about B. 

(i, It IS required to find tiic time that will elapse before 
AP and BQ, are parallel. 

Let AP', BQ, denot« their positions when they arc para- 
llel. Then the sum of T,he Z.® P'AP and QBQ' together 
equal to 2 rt angles, or 180* (Tiieor. 14) 

and because the «!n n nfrhe angina through which they 
turn in one second is 7{'+3|’, or, 11 4 * 

180" 

,*. They will be parallel after 77 ^- 5 , or, 16 seconds after 

Hi 

the start. 

(ii) It IS required to calculate tho angle between AP 
and BQ twelve seconds from the start. 

Let AP", BP" denote their positions 12 seconds after 
the stait. 
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Taen tha L PAP'" =I2x7f or 90’ and the L. QPQ' 


^ISxSr.or, 45' 

the angle ba"v, een AP and twelve seconds from 
the 8tart=90°— 45°, or 45°, 

(tit) It ie reqnn*'d to find the rate at which the angle 
between AP and BQ dectiases 

Be''anseA?PQ turn through 74°+5f°, or lij' in a 
E cmd. 

And because the angle b-'tween AP and B^ diminishes 
each second by the araonnt bv wnicn the sum of she 
BA? QBA IS increased, for the snm of the tnrea angles is 
Constant 

Hence, the rate of dtrcr'‘aBe‘ jsi II in a second. 

Page C4 

1. Let ABO be a triangle and let Z bo the middle point 
of AB from wmchZYis ^ drawn parallel to BC 

mseiing AC in Y 

B 

It is reanired to prove chat ZY bisects tbs side AC t c , 
AY=YC. ■ 

From Y draw YX parallel to AB meeting BC in X 

Proof — Because ZY IS parallel to BX and YX parallel 
to ZB, therefore the figure ZYXB is a paralLlogram. 

the side ZB=YX iTheo". 21) 

Bat ZB =AZ (given) , AZ=YX 

Because AB and XY are parallel and AC meets them 

/. the z, BAC or ttte Z. ZAY=ihe Z. XYC (Tneor. 14) 
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^.gaio, becanse ZY and BO are parallel and AC -meets 
them 

/. the L. AYZ=fche z. ACBor the z. TCX (Theor. 14) 
Now, in the two A® AZY and YXC 
f AZ= YX f p» oved) 

because the z. AYZ=the z. YCX f proved) 

and the z. ZAY=the z. XYC (proved) 

,*, two A® ®re equal m all respects (Theor^ 17) 

Bothat, AY=YC 

%. e.i AC IS bisected at Y. 

Q« B* 

2. Let ABC be a triangle, and let Z and Y be the middle 
points of AB and AC. ^ Join ZY. 


It IS required to prove that ZY is parallel to BC. 

Produce ZY to any point V making YZ=VY. Join VC. 

Pxool — In the two A® AZY and YVC. 
f AY=YC (given) 
because 4 ZY=YV ibv construction) 

( and the z. AYZ=the z. VYC (Them. 3) 
two A® are equal in all respects (Theor. 4) 

so that, AZ=VC and the z. ZAY=the z. YCV , but the 
Z.® ZAY and YCV are alternate angles 

AZ or AB 13 parallel to VC (Theor, 13) 

' blit AZ=ZB (given) ; .*. ZB=VC. 

Two equal and paiallel straight lines ZB and VC are 
joined towards the same parts by ZV and BC, 

, /, ZV and BC are parallel (Theor. 20) 

•01, ZY IS parallel to BC. 



V 


Q B, D; 
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3. (Sec fignre in Ex. 2). 

Let ABC be n. triangle, and Z,Y the middle points of AB, 
' AC respectively Join ZY 

It IS required to prove that ZY is half of BC 

Produce ZY to any point V making YV=Zy Join VC- 

Proof — In the two A® AZY and YVO 

C AY=YC (given) 

Because-{ ZY=YV (by construction) 

and the /i AYZ=the z. VYC (Theor. 3) 

two A® are -equal in all respects (Theor 4) 

BO thar., AZ=VC and the Z. AZY=bhe Z. YVC 
but the z.® AZY and YVC aie alternate angles , 

AZ or AB 18 parallel to VC (Theor. 13) 
also AZ=ZB (given) , ZB=VC 

Two equal and parallel straight lines ZB end VC are 
joined towards the same parts by ZV and BC, 

ZV and BC are equal and parallel (Theor. 20) 
ButZY=*YV (by constraction)= J ZV 

zy=^BC. 

Q. E D* 

4, Let ABC be a triangle and J), 

E, P, the middle A points ot AB, BC, 

CA lespecbively 

B E c 

It is required to prove that, the straight lines BE EP, 
FD divide the A ABC into four triangles ADP, DBE, DEP 
and PEC nbicti are identically equal 

Proof — Because D is the middle point of AB, and P is 
the middle point of AC 

DP =! ^ BC (proved in Ex. 3) 
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Similarly, it can be proved that DE — I AC, and EE 

lAB 

But BE = EG (iriv^n) = ^ BC 
DP = BE - EC 

, Similarly, DE = AF = PC, and EP=AD=DB« 

Now, in the two A® ADP and DBE 

f AD=DB (given) 

Because ^ AF=^DE (moved) 

(and DP=BE (proved) 

two A® aie equal in all leapects (Theor. 7) 

Again, in tne two A® ADP and PEC 

f AF— PC (given) 

Because AD=PB (proved) 

l^and DP=EC (proved) 

,*. two A® ''•■e equal in all respects ^Theor. 7) 

' Again, HI the two A® ADP and DEP 

f AD=EP (pioved) 

Bocanse AP=DE (proved) 

(,aod DP IS common to both 

tw'o A® nre equal in all respects (Theor 7) 

four triangles ADP, BDE, PEC and DEP are identi" 
cally equal. 

^ e , ihe A ABC in divided into four triangles ADPj 
BDE, DEP and PEC by DB, EP, PC and these four 

triangles are identically equal. 

Q. E. D. 

- 5. Let ABC be a triangle and D, E be the middle points 

AB, AC resp-c- a tively* Join DEy 

Let AP be any straight line drawn 


from the vertex A to 

JDE m (5. 


s F c 


the base BC cutting 
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It js required lo prove that A P is bisected at G by DS 

Proof — Because D is the middle poiuS of AB, and E 
the middle point of AC 

BE IS parallel to BC (proved m Ex. 2) 

In the A ABF, because D is the middle point of AB, 
and BG is paiallel to BF 

BG bisects AF at G 

What IS true of AF is also true of any other straight ' 
line drawn fiom tne vertex A to the base BG 


Q. E D. 

6. Let ABCB be a parallelogram, and X,Y the middle 


points of the opposite sides 


AB BC. 


Join BX, BY Join AC cutting BX and BY at E and 
respectively 

It IS required to prove that the diagonal AC is trisected ' 
by BX and BY. or AE=EF=FC 

.Proof — In the parallelogram ABCD, AB=BC (Theor. 

21 ) 

and XB=iAB, BY=iBC given) 

.*. XB=BY , also XB and B7 are parallel, 

Two equal and parallel straight lines XD and BY are 
joined toTivards the same parts bj BX and BY 

.'. BX and BY are parallel (I’heor. 20 j 

"Kow, in the A AFB, because X is the fiddle point of 
AB, and XE is parallel to FB proved) p 

.*. XE bisects AF, or AE=BF (proved in Ex. 1) 

Similarly, in the A BEC, because Y is the middle point 
of BO, and, YF is parallel to BE (proyed) 



Tl* bisects EC, or EF=^FC (proved in Ex. I) 
AE=EP=E0. 

i. e., the diagonal AC is trisected by BX and DY 

Q B. D. 

7. Let ABCD be a quadrilateral and E, P, G, E be the 

middle poiuts of AB, ° BC, CD. and DA respec- 
tively. Join EP. PG. GH and EE. 



It is required to prove that the figure EPOS i^ a 
parallelograiii. 

Join AC and BD. 

^ because E and P are the middle 
points of AE, BC respectively, 

EP IS parallel to AC (proved in Ez. 2) 

of ^ middle points 

DO respectively, EG is parallel to AC 

EP is parallel to HG (Theor 15) 

because E and H are the middle 
points of AB, AD respectively 

• • IS paiallel to BD (proved in Ex, 2) 

ot JJU, OD respectively, PG is parallel to BD 
EE 18 parallel to PG (Theor 15; 

hg; -. rd Ih7Si ™Ff “■ 

/. the quadrilateral EPGS is a parallelogram 

(Erom definition) 

( Q E D 

8. Let ABCD he a quadrilateral and E, P, G, E, be the 

middle poiats of' • AD 110 PTl Tifl " 

respectively, P "A 
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Join BG and PH cutting at 

It IS rfqmred to prove that EG and PK bisect one an- 
othei at 0. 


Join EP, EG, GH and HE 

Proof — In the quadrilateral ABCD, because E,P,G,H are 
the miadlu puinta ut AB3C,CD,DA respectively 

the figure EPGH is a parallelogram fproved in Exk 7) 

Non, the diagonals of a parallelogram bisect one another 
(Theor. il Cor 6) 

.*. the diagonals EG, PH of the parallelogram EPGH 
bisect one another at 0> 

t c., the straight lines EG.PHmhich join the middle points 
of opposite sides of the quadrilateral ABCD bisect one 
another. 

Q E D. 

9. Let CD be a straight line and AB another 


straight line 
point 16 0 
AP be per. 
from B,0 and 


B 



a X P 


a 





A 


whose middle 
Let BQ, OX, 
pend tcnlars 
A to CD 


It IS required to prove that 0X==} (AP+BQ), or J (AP 
'=-BQ), accoidiug ns A aud B are ou the samt, side, or on 
opposite sides of CD. 

When A and B are on the same side of CD. 

Join BP cutting OS at E. 

Proof — Because BQ, OX and AP are perpendiculars to 

BQ,0S and AP are parallel to one another (proved in 
Ex. 2 ou page 41) 

lu the A ABP, because 0 is the middle point of AB, and 
OE IS parallel to AP 

E 18 the middle point of BP (proved m Es. 1) 
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OB + EX= KAP + BQl) 0>7 adding together) 
or, OX* HAP+BQ) - •' 

! When A and B are on opposite sides of CD, AB and CD 
oat one another'. 

t 

Join BP and produce XO to meet BP in E. . , 

Because BQ, OX and AP are perpendiculars to CD 


BQ, OX and AP are parallel to one another (proved in 
Ex. 2 on page 4iL) 

V 

In the A BAP because 0 is the middle point of AB and 
<0E 13 parallel to AP 


\ 


B IS the middle point BP (proved in Ex. 1) 

Again, in the A BAP because 0 and E are the middle 
points of AB and BP respectively* 

OE IS I AP (proved in Ex. 3) ' 


In the A BQP, because B w the middle point of BP 
(proved), and EX is parallel to BQ 

X 13 the middle point of QP (proved in Es, 1) 

Again, in the A BQP* because E, X are the middle 
points of BP, QP respectively 

V. EX IS ^ of BQ (proved in Ex. 3) 


Again, because OE is i of AP and EX J of BQ, 
/. EX-E0=:i (BQ-AP) 


or,0X=i(B(i-AP)' 

If AP is greater than Bft, then the middle point 0^ of 
AB will be on the same side as the point A.. In this case, OX 
«i(AP-BQ). . . 


8 


Q. E. 0. 
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' If AP=4*2 cm» and BQ=5*8 cm# 

then OX=i (AP+BQ)=i (4-2+5*8} cm. 
of 10 om.=5 cm. 

or, 0X=i (B(i- AP)=i (5 8-4 2) cm. 
as X of 1*6 cm e=s'8 cm, 

10. LefcAB, CD, EE be three parallel etraighfc linea 
\^bich cut ofif equal lutercepte from two 

tnansrersals GK and . uf ^ so that HKs=Ki' 

and 0(i=QB c'f^o 

' 

Ifc is required to prove that KQ is the ARITHMETIC MBAS' 
of HO and LE. 

Join cutting KQ at H* 

Proof. — ^In the A HLO, H is the middle point of HL*’ 
(giveuj, and KK is parallel to HO, 

' H is the middle point of LO (proved in Ex. 1) 

A K2J is ^ of HO (proved in Ex. 3) 

Again, iD the A OLE , H is the middle point of LO* 
(proved), and Q is the middle point of OE <givsn)> 

HQ, is 3 of LE (proved in Ex. S) 

A KN + HQ=-J (HO + LE) 
or,KQ=i(H0+LE) , 

4. c. HQ IS the ABITHMEIIC MEAN of HO and -LE. 

' Q. E. D. 


o 
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11. Let ABCBbe a trapezium 'in ••which -AB, DC ,are 
parallel, and equal to a cm. and & cm* respec* 

tively, and H, S* the ^ y 0 middle poinfca of AD, 

BC respectively. / ~ / \ , 

D 'B E‘ V 

Join HF. 

It is required to prove that HF is parallel to AB or CD. 


Throogh F draiv the straight line EFG parallel to AD 
meeting DC in E. Produce AB beyond B to meet EFG in G, 

Proof. — In the quadrilateral ADEG, because AG is 
parallel to DE, and AD parallel to GE 

.% the quadrilateral ADEG is a parallelogram 

AD==EG and AG=DE (Theor. 21) 

Because BG and EC are parallel, and GE meets them 

the z, BGE or the z. BGF= alternate ^ GEC or tho 
y, EEC (Tbeor. 14.) 

Kow, in the tv/o A® BFG and PEC 

fBF=FG (given) 

Because ^ the z. BGF=6he z. FEC (proved) 

(.and the z. BFG = the z. EFC (Theor. 3) 

.% two A® are'equal in all respects (Theor. ll) 

so that, FG=EF and BG=EC. 

Because AHss^ AD (given); PG=EP=^ GE, and 

AD=:EG (proved) 

1 

AH=GF, and since they are parallel 
,*. HF and AG are also equal and parallel (Theor. 20) 
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i.e HF is parallel to AB 
HF 18 also parallel to DC (Theor. 15) 

Now, HF=AG:=DE (proved) 

(AG+DE) 

But AG= AB+BGj and DE=DC““EC 

AG+DE=AB+DC (since BG=EC, proved) 
HF=J (AB+DC) 

r ' 

= J(a+l))cm. ‘ 


Q. E. D. 

A 

12 Let OX and OY be any two straight lines meeting 
at 0 and at any angle. Along OX five points, 

1, 3, 4, 5 are marked at equal distances. 



(Take any point E m OY. 


Join E 5. 

From 4, S 2, 1 draw parallels D4, C3, B2, AI to 
E5 meeting OY in D, C, B, A. ■ 

It IS required to prove that C3 is the mean of all five 
parallels Al, B2, C3, Di, E5. 

Proof. — Because the straight line OX is divided into 
equal parts by 1, 2, 3, 4, 5 , and from 1, 2. 3, 4, 5, parallel 
straight lines are drawn cutting OY in A, B, C, D, E. > 

OE is also divided into equal parts by A, B, C, D, E 
^ ' (Theor 22. Oor.) 


Again, because BD42 is a trapezium, and C, 3 are the 
middle points of BD, 24 respectively , 

f'; 03= J (B24-D4) (proved m Es. 11) 

/. 2.C3=(B2+D4) 
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j&£fSkiD, bficaose lA.]Ei5 is & trApszInoi] stid Ct 3 ars tbs 
middle points of AE| 15 respectively 

C3=i (A1+E5) (proved in Ex. 11) 

2Cd=(Al+E5) 

A1+B2+C3+D4+E5=2.C3+2C3+C3 

=5.C3 


C3=^ (A1+B2+C3+D4+E5) 
i.e. C3 is the USAN of all the five parallels. 

Q. E. O. 

The corresponding theorem for any odd nnmber(2»+l) 
of parallels so drawn is that the (n-l-I) parallel is the 
mean of all the (27t— 1) paralleb. 

13. Let ABCD be a parallelogram and QB any straight 
line outside it. From g A, B, C, 1) perpendi- 
culars AB[, BG, DF, /r--- C CB are drawn to 

QE. A. 



E R 


It is required to prove that the sum of the perpendiculars 
AB! and CE is equal to the sum of the perpendiculars BG 
and DF. 

Join AC and BD cutting at 0. From 0 draw OP per- 
pendicular to Q,E. 

Proof.— -The diagonals AC, BD of the parallelogram 
ABCD bisect one another at 0 (Theor. 22. Cor, 3) 

Because 0 is the middle nomt of AC, and from A, 0, 'C 
perpendiculars AH, OP, CE are drawn to QE 

0P=i (AH+CE) (proved in Ex. 9) 

Again, because 0 is the middle point of BD, and from 
B, 0. D perpendiculars BG, OP, DF are drawn to Q,E 

0P=§ (BG+DF) (proved in Ex. 9) 

iCAH+CE) = ^(BG-i.DF) 
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or, AE-fCE ~ BG+DP 

Q.'B.D. 

14, Let ABC be an isosceles triaogle in vrhich AB. AG 

are eqneli Let D bo any a point in BC, let BE, 

DF be perpendicular from., /\ J) to AB, BO respec* 


tively , and CG be perpen< 
AB. 



dicnlar from C to 


It is ret^nircd to prove that CG is equal to the snm of BE 
and BP. 

From B draw BH perpendicular to CG 
Proof.- 


Tbe ^EGHisart. £.,andtbe z.GEBis also art. z. 
(by construction) 

•' /.the zSBGHf,GHB=2rt.‘zs 

EG and HB are parallel (Theor. 14) 

Similarly GH and BE ore parallel 
In the quadrilateral EBHG, GH is parallel to EB and 
‘3s)G parallel to HB 

/. the quadrilateral EBHG is a parallelogram 
. sothat, EB=GH (Theor. 21) 

In the A ABC. because AB— AC (given) 

' .*. the zABC = the Z.ACB (Theor. 6) 

Now since AB and HB'are parallel, and BC meets 
them 

.*. the zABC = the zHDG (Theor. 13) 
the zHBC =a the zACB or the zPCB. 

’ "SSovr, I’n the two A®HBC and'PBC 

■•fthe zBHC= the zBFC (bein_g right angles) 
Because -.{the zHBC— 'the zPOD (proved) 
hand BG is copimon to liolih 
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,■*, Wo A® are eqnal in -all reepccts (Theor. 17) 

■so that, CH=DP 
Also, GH=BB (proved) 

CH+GH=DP+DE 
or, GG=DP+BE 

Similarly, by drawing a perpendicnlor from B to AC it 
•can be p-oved that the perpendiculai is equal to the sum of 
BP and BE. 

It can be proved by drawing perpendiculars from any 
point ID BC to the equal sid»s AB, AC, that the sum of ^hoso 
perpendiculars is equal to the perpendicular drawn either 
from C on AB or from B on AC. * ‘ 

But the perpendicular drawn either from C on AB or 
from B on AC is constant. 


the sum of the perpendiculars drawn from any pomb 
in BC to the equal sides is also constant. 

Q E, D. 

It is required to find tho modification in the above proved 
property, when the perpendiculars are drawn from any point 
in the prolongation of the base BC to the equal sides AB, 
AbC. 


Let ABC be an isosceles triangle in yrhich AB and AC are 


equal Produce BC be- 
ij. Let P be auy point 
•tiOQ of BC). 



yond C to any point 
in CG (or prolonga- 


From F drtw FK perpendicular to AB, and FB perpen- 
dicular to AC produ<*e(l. From 0 draw CL and CH perpen- 
diculars to AB and FE respectively. 
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Proof —Because KH and IiO are perpendicolarff to AB 
/. he and CL are paiallel (proved in Bx, 2 on page 41) 
Similarly, CH and EL or AB are parallel 
/. the fignre ELCH is a parallelogram, so that KH=s 
LC vTheor. 21) 

In the A ABC. AB=AC (given) 

the L. ABC = the l. ACB (Theor 5) 

Because AB and CH are parallel and BGl meets them 
/. the Z. ABC = the z. HCG (Theor. 1?). 

the z. HCF=the z. ACB=the vertically opp. Z. 

DCP 

Now, in the two A® HCF and CDP '* 

fthe z.CHP= the z.CI)P (being rt. z.®) 

Because -{the z.HCPs= the, Z-DCP (proved) 

(.and CF 16 common to both 

/ 

.*, two A® are equal in all respects (Theor. 17) 

so that, HP=DP 

' * 

Also, EH CL (proved) 

CL=EF~FH 

=EF~FD 

EF may be greater or less than FD according as F is on 
BC pioduced beyond C, oi on CB produced beyond B 

CL=PE\FD 

Similarly, by drawing perpendicular from B on AG it can 
be proved that the perpendicular js equal to the differeuce 

of FE and FD. 

The modification in the foregoing exercise is that the 
perpendicular drawn either from B on AC or from 0 on AB ' 
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Jg equal to djffbrence of the' perpendicularg dra'wh from 
any poiot in the prolongation of BC on equal sides AB, AC. 

16. Let ABC be an equilateral triangle and AG the 


perpendicular drawn 
0 be any point within 
let OP, OQ, OR be 
BC, CA respectively. 



from A oil BC. Let 
the triangle ABC, and 
perpendiculars to AB, 


It is required to prove that AG is equal to the sum of 
OF, OQ and OR. 

From 0 draw DOBLF parallel to BC, cutting AB, AG and 
AC at D, H and F respectively. 

Proof. — Because BE and BC are parallel and AB meets 
them 

/, the z. ABF = the A. ABC. (Theor. 13) 

' Again, because BE and BC are parallel and AC meets 
^ them 

the A. APB == the Z. ACB (Theor. 13) 

But the A. ABC=tho A. ACB (being angles of an equila* 
teral triangle) =60’ 

/. the A, ABE = the A. AEB=60’ 
the A ADP IS an equilateral triangle. 

Because BH and BG are parallel and AG meets them 
the A. BHA=the A. AGB=90’ 

In the equilateral A ABE the sum of the perpendiculars 
OP and OR drawn from 0 in Bif on AB, AP respectively, is 
equal to the perpendiculars drawn either from B on AiP or 
from P on AB (proved in Ex. 14) 

But in an equilateral triangle the perpendiculars drawn' 
from the angular points to the opposite sides are equal 

the perpendicular AH is equal to the sum of the per* 
pendtoulars OP and OR. 

Because OQ and HG are perpendiculars 
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OQ and HG are parallel (proved in Ex. 2 on page 41) ^ 

In the quadrilateral OHGQ,OQ and HG are parallel 
(proved), and OH and QG are parallel (by conatracbion) 
the figure OHGQ is a parallelogram 

sothat, 0Q=HG (Theor, 21) 

Because AH=OP+OBi, and HG=0Q 
AH+HG=0P+0E+0(i 
or, AG=0P+p(l+0R 

Similarly, it can be proved that each of the perpendicn* 
lars drawn from B, C on AO, AB is equal to the sum of OP, 
OQ and OR. 

But AG, being a perpendicular from an angular point 
of an equilateral triangle to the oposite side, is constant. 

(OP+OQ-f OR) 13 also constant wherever the point 
0 may be taken within the triangle ABC. 

Q. E. B. ! 

16. Let AB and CD be two equal and parallel straight 
lines, and NSL a third ^ straight line on which 

perpendicolars AK, DH, CG are drawn 

from B, A, D, C respec- t>/ ^ tively. Then LH and 
HG aie the f projec- ^ tions of BA, DC on 

ihe straight line HM. ^ l K H 6 ^ 

It IS required to prove that LK aud HG are equal. 

From B draw BP parallel to LH meeting AH in P 
and from D daiw D£ parallel to HG meeting CG in £ 

Proof — Because AK, BL, DH, CG are perpendiculars 
to the same straight line NM 

AK, BL, DH, CG are parallel to one another (proved 
£s. 2 on page 41) 

Again, because BA is parallel to DC, and>.AP is parallel ^ 
to G£ 
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A the L. BAF=the z. DCB > ^ 

Because LK and BP are parallel and AK meets them 
/i'the z. BPA=tbe z. LKA=90“ ] 

Because BE and HG are parallel and CG meets them 
.*, the z. BEG == the z. HGC=90“ 

Now, in the two A® ABF and CBE 

f the Z. BAP=tihe Z. BCE (proved) 

Because ■{ the z. APB=the z. CEB ^being rt. z.®) 

(. and AB=GB (given) 

two A® are equal in all respects (Theor. 17) 

BO that, BP=DE. 

In the quadrilatWal BFKL, BP is parallel to LK (by 
r contruction) and BL paiallel t;o PK (proved) 

BPKL IS a parallelogram ’ 

t ipo that, BP=»LK (Theor. 21) 

Similarly, the quadrilateral BHGE is a parallelogram 
•BO that, BE=BlG ^ iTheor. 21) 

But BP = i)E (proved) 

/. LK^HG- i 


Q. E. B» 

Page 68. 

1. By means of a diagonal scale draw the straight lines 

AB=1*25^ CB B 

*=3 OS*'. 


=2 72''and EP 


‘ 0 - 

E- 


-D . - 


t ) I s ( 


1 ' I 

2. By means of a diagonal scale draw a straight line 
AB=« 2'b8" long. . MeaSi7re it in centi- 
metres and milli- ^ ~~~ ® metres; it will be 

found po ' be <;6'80 , cm, long. 



3 By means of a diagonal scale draw a straight line 
AB=5 7 em. in length. Measure ib in 

iiiclieB and lb will ^ g bo found to be 2*24^ 

long 

By calculation AB=o 7 X *3937"= 2 24" nearly. ' 

4. Draw by means of a diagonal scale a straight line 

AB=3 15" long. Mea- sure it in centi- 
metres and millime- **" ® tres and it will be 

1 

found to be 8 cm, long, 

8 cm =3*15" 

3*15 

1 cm s=-- 5 -= 39" (correct to two decimal places) 

8 

5. Draw by means of a diagonal scale straight lines 

AB=*2'9 cm and CD - b =6*2 cm. Measure 

AB and CD in inch- c es and it will be 

found that AB=1 14" and CD=2*44" 

l*l4"s=2*9 cm. : l"=-r?r^=2 54 cm. 

1 14 

2 4 "=6-2 cm. ; .% 1"= ^=2 54 cm. 

aTerage=^ (2*54+2 54) cm =2*54 cm. 

6. A distance of 100 miles is represented by 1" 



a distance of 1 mile is rep resented by inch 
.*. a distance of 335 miles is represented by or S-36" 
.% a distance of 408 miles is represented by or 4*08" 

Hence, draw by means of a diagonal scale straight lines 
AB=3 db" and CD=4*08". 

Then AB represents 336 miles and CD 408 milest 
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7. 1 kilometre or 1000 metres represented by 1 inch ' 



1 metre is represented by xirVrr inob 
850 metres are represented by or *85" 

.*. 2980 metres are represented by 2*98'’' 

1010 metres are represented by or 1*01^ 

Hence, draw by means of a diagonal scale straight lines 
AB= 85", CD-2 98" and EB=l-0l". 

Then AB represents 850 metres, CD 2980 metres, and 
EB 1010 metres. 

*8. 100 links are represented by 1" 

A B 

1 link is represented by i^cb 

417 links are represented by or 4 17'^ 

Hence, by means of a diagonal scale draw a straight 
line AB=:4 17" long. 

Then AB represents 417 links. Measnre it in centimet* 
res and millimetres, and it will be found to be 10*6 cm. 

9. 5 kilometres are represented by 1 cm. 

A B 

42*500 kilometres are represented by or 8*500 

5 

cm. 

Hence, draw by means of a diagonal scale a straight line 
ABs=8 600cm. ' ^ ' 

Then AB represents 42*500 kilometres. * 

Measure it in inches to the nearest hundrstbs, and itViU 
be found to be 3*35" long, ' 
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10 Because a straight line equal to 2'1f5'^repre8Qatr 
5S miles 

55 

.*. 1" represents a——, or 20 miles. 

^*70 

Again, because 1 cm. = *3937^ 




a937 


cm. 


also 1 kilometre=§ miles nearl/ 

.*. 1 miles 2 kilometres. 

- ^^^-c m. represents 20 k ", or 32 kilometres 

1 cm. represents 32 k *3937, or 12*6 kilometres noarljTr 
11. Since represents 35 miles. 

/. 4 2" represent 33x4 2, or 14T miles (accorately) 

True distance=147 miles. 

Because 1 kilometre»| miles nearly 
.*. 1 mile=:|- kilometres 

4 2" represent 147X'S-, or 235 kilometres (appro» 
zimately) 

approximate di3tance=236 kilometres, 
also, 1" represents 35 K |■,or 66 kilometres 


1 . 

•3987 


cm. represents 56 kilometres 


1 cm. represents 22 kilometres nearly. 

.*. The scale used in meinc measure is I 'em, represent 
ting 22 kilometres nearly. 

' 12. 2i I" represent 57i'' or —milesr 



0 m' 


) ' 1^5 X 2 ’ 

/. represenfes-g— K-, or 15 milesc 

^ X O 

7 cm. represent 88 kilometres 


1 ( " 


88 

/. 1 cm. represents kilometres. , 

But 1 cm. =•3937'' and 1 kilometre =f- mile nearly. 

' 88 55 , 

• 3937^ represents X f , or -y-miles. 


1 " represents - 77 ^ 3 ^* or 20 miles (nearly) 


13. 

cat off 
equal 


t 

Bat AB beia straight line of any length. From AB 
G N; M L K H each 



^ Z f C D 


(Then AC, CD,, .....each represents one yard. 

From A draw AG (of any length) perpendicular to AB. 

From G draw GH parallel to AB. From C, D, draw 

CL, DK perpendiculars to AB meeting GH in L, K 

Divide AC into thiee equal parts hy E and F. Divide 
GL into three equal parts by H, 3£ Join MC, HP, GE. 

Then AE, EP, PC each represents one foot. 

Divide AG into twelve equal paits hy 1 , 2 , 3 , 4 , 6 , 6 , 7, ' 
8;9, 10 , 11 . Through' these points draw parallels to AB. 
These parts represent inch divisions. “ 

The seals'^ IS thus complete. 

In the A MCL, ' MIi represents 1 foot or 12 inches, let 
parallel 11 inches, 2 nd parallel 10 inches, and so on , C reprei 
seats 0 ‘inch: ' ^ 
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In the trapesiam HCDK, CD represents 1 yard^ 11th 
parallel 1 yd L in., lOtb parallel 1 yd. 2 in , and so on , llK 
represents 1 yd. 1 ft. 

In the trapeBium NFDK, PD represents 1 yd. 1 ft., 11th 
parallel I yd 1 ft 1 in., lOth parallel 1 yd. 1 ft. 2 in., and 
so on , NK represents 1 yd. 2 ft. 

In the trapezium GEDK, £D represents 1 yd. 2 ft., 
11th parallel 1 yd. 2 ft. 1 in., 10th parallel 1 yd. 2 ft. 2 in., 
and so on , 6S represents 2 yds 

In the A GAE, AE represents', 1 ft., 11th parallel 11 in* 
10th parallel 10 in., 9th parallel 9 in., and so on. 

Page 79. 

1. It IS required to oonsornct an angle of 60‘, and to 
divide it into font (> _ eqnal parts. > 



CoaBtinction. — ^Take a straight line AB of any length. 
Take any point K in AB With centres B and E, and 
radii equal to BE draw two arcs cutting at E. Join BE 
and produce it to any point 0 

Then GBA is the required angle of 60’. > 

, With the centres E, E, and radii of eqnal lengths draw 
two arcs cutting at D 

Join BD, cutting the arc EE at H. i 

Then the z. CBA is bisected by BD (Prob. 1) 

With the centres H, E, and radii of equal lengths draw^ 
two arcs cutting at P. Join BP. 

Then the Z.CBD is bisected by BP (Prob 1) 

, With the centres H, E, and radii of equal lengths draw 
two arcs cutting at G. Join BG. 

Then the Z.DBA is bisected by BG (Prob. 1) 

the,/. CBA '18 divided into four equal parts, by BP, 
Bp.DdBO, ,, j,, ' 

’ Q. B. F. ' 
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2* l6 is required to trisect a right angle. 



Let ABC be a right angle 

With »h*' centre B and radius of any length draw an aro 
cutting AB, BG at H, Gr respectively. 

Wi:h the centre G and ridiU'i GB dmw another arc cut-' 
ting the foriner arc HG at D. Join BD and pioduce it to 
any point E. 

Then the 2. EBC i«s ^0“ 

the L. ABE = 00“-fi0*=30'. 

With the c nitres D and G. and radii of equal lengths 
draw two aic-j cutting at F. Join BP 

Thni the 2. EBC h b»s c*ed uy BP (Prob 1) 

BecAit‘<f the* 2. £30=00“ 

each of the 2.^ EBP, PBC=30“ 

al‘!0 th<* 2. ABS= .0“ 

the rt z. ABC iH ins-*c*^erl by BE, BP. 

Suppose BP cuts vhe arc HG at N 

With th* centres H, D, and radii of equal lengths draw 
two arc* cutting at L, Join BL 

Then the z. ABE is ins* cfced by BL (Prob 1) 

With th-- centr-'s if, Dj and ladii ot equal lengths draw 
two arcs cutting at K Join BK. 

Then tue z, EBP is instated by BH (Prob 1) 

With nh centres, N, G, arid ridii ot equal lengths draw 
two arcs cutting at H Join BM. 

Then the 2. PBC h bispc'.fd by Bill (Prob. 1) 

But each ot t.hi l> ABE, EBP rind PBC =30“, 

and the iJ> ABE, EBP and PBC aie bisected by BL, 
BK and BU respectively, 


9 
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.*. each of the z.® ABL, LB£, £BK, KBP, PBM and 
HBC=15*. 

the z. £80=45* 

the z. BBC 18 cnsected by BP, BM. 

It IS rt-quired to show how to trisect an angle of 45*. 

Let KBC be an angle of 45°. 

At B make the z. CBE=60*, the Z. EBK=60*— 
45' = 15" 


Bisect the Z. EBC bv BP (bv Prob. 1) 

.*. each of the Z.® EBP, PBC = *‘'0’ ’ i 

The Z. EBP =30* and the z. EBK;=15" 

.*. the Z. KBP = '50"-i'>*=15* 

Bisect the z. FBC bi BU (bv Prob 1) 
each of the z.^ PBM, MBC = 16° 
the z. KBC of 46” IS trisected by BP,*BM 

Q E. F. 

3. Diaw a line AB=6 7 cm. long. 



It is reqniied to divide it into five equal parts. 

At A make any convenient angle BAG 

From AC mnik off five equal paits of any length AD'", 
B'E', E'P', P'G', G'H 

Join HB and fiom G',P', B', D' draw G'G, P'P, E'E^ 
D'D parallels to HB meeting AB in G, P, E, D respectively. 

Then AB is divided into five equal parts at the points D, 
E, P and G (Prob. 7). 

Measure one of the parts, say AD, in inches and it iVill 
be found to be 56 " 

AB=6 7 cm ' 


each of the five equal divisions =^=sl 34 cm, 

0 - 



Q. E. E. 


But 1 cm. =*3937 inch 

1*34: cm.= r34 x •3937"=*53" nearly. 


4. 




Draw a line AB=3.72'' long. 



It is required to cut off one-serenth part of it. 

At A make any convenient angle BAC. 

From AC cut off seven equal parts AD, DE, EP, PG, 
GH, HE and KG. Join BC. From D draw DP parallel to 
BC meeting AB lu F 

Then AP is one-seventh part of AB (Prob. 7)*^ 

Measure AP in centimetres and nearest millimetres, and 
It will be found to be 1*3 cm. 


AB=3*72". 

.•.AP=^ AB=f X3*72'' 

But 1 inch=-gg^^cm. 

AP=ix 3*72 x-g^^=l*3 cm. nearly. 

Q. E. F. 

5. Let AB be a straight line, .and X any point in it at 
which a perpendicular p XP=18" is drawn. 




X a 


•B 


With the centre P, and radius = S'' draw an arc cuttin*' 
AB at Q. Join PQ Then PQ is the required oblique, ** 

Measure XQ aud it w;U be louud to be 2 4" long. 
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6. Leb XY be the given str&ighb line, abd leb A and B 
be the bwo given points. 

I 

It IS required to 6nd h point in XY which is equidistant 
from A ami B. ' 

Gonstractioil —Join AB and bisect it in C (by Prob 2) 

AtC drii f CZ , perpendicular to AB^mecting XY ,iu Z. 
Then Z is the'iequired point. 

Join AZ and BZ / , ‘ 

Proof' — In ,the two, A®^A*CZ and BCZ/ ' 

f AC=BC (by construction) i 
Because 4 CZ i«<cotnm<'n to both 
, ( and the z. 'ACZ=the A. BCZ (being "rt 

tAvb A® a> e equal in all respects,^ ’(Tbeor. 4) 

so that, AZ— BZ 

' » \ 

' Q E P 

This problem IS impossible when the bwo.qiveh points A 
and B are so situated that the strjaigllb’line CZ bisecting AB 
at right angles •isiparnlK'l to-XY. , • . 

t7jf Let XY be a straight 'line, and leb AB,AC be two 
lines intersecting at A. a , 

I- - ' ' .'.✓Tv r ‘ 



It is required to find a point in XY which is equistant from 
.AB and AC' / 1 ' - • , ' j , 

'Colistrn'ction''.— Biwcb the k.BAC (by 'Prob. 1) by -iha 
^ straightdine AB cutting 'XY ib-Zi** 
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Then Z is the required point?. 

From Z dra^', ZiE,ZF perpendienlara to AB,AC tea* ; 
pectivel)'. 

Proof. — In the two A® AEZ and APZ 


l AZ IS common Co b'>ch 

because < the /. EAZ=ch- z. FAZ (by constructicn) 

( and the Z. AEZ=the Z. AFZ (being rt Z.®) 

two A® ‘WO ^ual 111 all respects (Tneor. 17 ) 

BO that, EZ=FZ 


Z ib equidistant from two intersecting lines AB ^ 
and AC 

Q, E. F, 

This problem is impossible when the bwp intersecting 
lines AB, AC are so situated that the line AD bisecting 
the z. BAC IS parallel 'to XY. 


8, Let AB bo the given straight line, P the given point 
and and D the v p given auglci 

c—^ 0 




It is required to draw from the noinb P a straight lino 
making wir,h AB an angle equal to the Z. D 

Construction —Till ongh P di aw CPO parallel to AB. 
At'P make an angle OPQ=the Z. D, the arm P^ meeting 
AB ID Q ' I 


Then PQ is the required line. 

Proof. — Because CO and AB are parallel, and Pft meets 
them 


the z. 0PQ=tbe alternate Z. P^A (Theor. 14) 

Bub the z. OPQ=bho z. D tby consoiuotion) 

the z. PQA==the'z. D. ' . ' 

‘ ' Q. F, 
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9. LetAB be a straight line, and P, Q two give! 
points on the same side p ^ of AB. 

P 

It is required to draw two lines from P and Q whicl 
meet in AB and make equal angles With it. 

Construction — From P draw PH p“rpendicular to AB 
and produce PH to P', making HP^ = PH Join P' C 
cutting AB at H Join PH. 

Then PH and QH are the required lines. 

' Proof. — In the two A® PHK and P'HK 

! PH = P'H (hy construction) 

HK 18 common to doth 

and the L PHK=the L. P'HK (being rt. 

two A® are equal, in all respects (Theor. 4) 

BO that, the z. PKH=the Z. P^KH 
But tho Z. P'KH=the vertically opp. z. QHB (Theor, 8) 
j the z. PKH the z. PHA=ihe z. QKB. 

c the lines PK, QK meeting AB in K make equal Z.® 
PHA and QHB with AB 

Q. E. F. 

1 0 Let F, A, B he the three given points. 

F 


It 13 required to draw a straight'line through the given 
poipt p auch that the perpendiculars drawn to it from*^ A 
and B are equal. 
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(i) Constrnctioii. — Join AB. Throueh P dra-w KPP 
para lel to AB. Ftom A and B draw AH, B& perpendi- 
culars to KP. 

Then KPP is the required line. 

Proof — The yi AHG=l rt. z., also the z. BGH=1 
rb. z. (by construciiion ) 

/. Z.S AHG -1- BGH=2 ft. Z.S 

AH and BGaie parallel (Theor. 13) 

In the qnadrilatieral ABGH, AH is parallel to BG 
(proved) and HG parallel to AB (by construction) 

ABGHisa parallelogram. 

' AH=GB <Theoi. 21) 

i fi. the peipendiculais AH and GB drawn from A, B 
reopectively to the stiaight line KF passing through P are 
equal. 

KF IS the required line. 

(^^) Construction — Bisect AB at 0. Join PO and 
produce it to any point E. From A and B draw AC and 
BD perpendiculars to PE. ’ 

Then PE is the rpqmred line. 

Proof — In the A® AOC and BOD 
f A0=B0 (bv construct! 'n) 

Because the z. A0C=the z. BOD (Theor 3) 

(. and the Z. AGO = the z. BDO (being rb. Z.®) 

.*. two A® are equal in all respects (Theoi. 17) 

' so that, AC=BD 

^ e the perpendiculars AC, BD drawn from A, B res- 
pectively to the straight line PE are equal. 

.*. PE IS the required line. 

Q. E F. 

This problem is not always possible It is impossible 
when the three points A, B P are in the same straight line, 
tand P does not lie at the m^iddle point of the line juning 
A and B. i. 
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(i) Toconsfcrncii a triaiii;le ABC Tv-hen the angle B is 
given and b is greater ,y than c. ^ 



Corstruction— Makean angle TBX=the given Z.B 
Prom BT cut off a part BA With the cenCl tnd 
radius=6 draw an arc ciuting BX at C. Join AC. ^ 
Jhen ABO is the required triangle. 

Upgths of d., given,.*, andths maga.tnda^f tie ^eo 

“Sle B .a 

aI^ ^ 



^ V 

Froa. ^ ^ 

radw.=4 draw an are ouitmg BX at C. Jo, a Ac" ^ 

Inen ABp is the lequired triangle. 

Only one triangle can be constructed with 

parts which has B= z. C, so that the filrT . 
triangle. “gure is an isosceles 

(^^^) To oonstrdot a triaagU ABO •n'hen anrie B ia ' 
gma, a g„e„ and J . e,aal to the perpend.. 


CDlar from A to the 



opposite side BG. 





CoBStmctioil.— 'Wake an angle ABX= the given Z.B 
making the arm BA=c. With the Ciiitrf* A and. radius 
s=6 oraw an arc touching BX at C. Join AC. 

Then ABC is the required triangle. 

Only one triangle right-angled at C can be constructed 
•with the given parts. 

Hv) To construct a triangle ABC when angle B is given, 
c is given and 6 is less ^ than the perpendicular 
from A on BG. 


Construction — Make an angle ABX= the given /lB 
making the arm BA.=c. With the centre A and radius 
=6 draw an arc This arc does not touch the side BO 

Hence no triangle can be constructed with the given 
parts. 

Page 84. 

1. Tb is required to constrnct a triangle whose sides are 
7*5 cm., 6 2 cm , and . 5*3 cm. 



Make a straight line BC=7*5 era. With the centres B 
and C, and radii eipi^,! to 5 S .ind 6*2 cm respectively draw 
two arcs cutting at A. Join BA and CA 

Then ABC is the le^uired triangle. 

Draw AD oerpf^ndicnlar from A. to BC, CP perpendicular 
from C to AB. and BE perpendicular from B to AC. These 
perpendiculars cut at G, 

1 



( 138 ) 


Measure AD, CF and BE, and xti will found that Al)=s 
5 2 cm., CF=6*1 crui and BE^i’S cm. 

Q. El F. 

2. Ill 13 required to draw a triangle ABO, having given 
a SB a', 6=2*6^ and c= * 2'75" 





Take a straight line BC=a With the centres B and C 
and radii equal co cand 6 respectively draw two arcs cutting 
at A Join BA and GA< 

Then ABC is the required triangle. 

, Bisect the Z. BAC (Prob. 1) by the straight line AX 
meeting BG in X 

Measure BX and XC, audit will be found that BX= 
157'''and CX«l-43" 

Sx ] 57 

0979=1 10 (correct to two decicanl places) 

0 2*75 

and^= 2 g =1*10. These two results allowing for proba* 
ble errors in measarement may be regarded as identical 

• 

•• cx~r‘ 

Q. E F. 

3 It 18 required to draw a plan (I inch to 100 yds.) of a 
triangular field in which - two sides are 3l5 yds,, 

260 yds., and the inclnd- ^ ed angle=39“. 



Gonstrnct an angle ABC=39* having the arms AB= 
3 15" and BC=2 6". Join AG 

Then ABC is the required triangular field. 
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Measure AC and ib will be fonnd to be 2*^ long. 

Hence the side AC or the remaining aide of the field *=* 
200 yards. 

Q E F. 

4. It is required to draw a plan (1 cm. to 10 metres) of a 
triangular plot of ^ ground ASC of which 


the base 
at B and 


BC 

C 


18 75 
are 47" 



metres and the angles 
and 68* respectively. 


Take BC=7 5 cm. At B make an angle=47’ and at C 
make an angle = 68" the two arras meeting at A. Then 
ABC IS the required triangnlar plot. 

The Z.SA+B+C of the AABC=1S0* (Inf. 1 Theor, 

16) 

Put the z.B=47® and z,C=68" 
the z. A = 180" -(68" +47") 

( =180"-115*=65". 

Measure AB and AC audit will be found that AB = 
7*7 cm. and AC=6 1 cm. 

Hence 'the other sides of the triangular field are 77 metres 
and 6 1 metres long. ^ 

From A draw AD perpendicnlar to BC and measure it. 
It will be found that AD=5 6 cm. Hence the perpendicu- 
lar from A to BC is 5b metres. 

Q. E. F. 

5. Ib is required to draw a chart of the whole course of a 

yacht (2 cm. to 1 knob) which steers first N. B, 

for 20 mm , and then N. W for 35 ram., 

sailing at an average ftN. speed of 9 knots per 

hour, \\ \ N 
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Id 1 hr. the yacht steers 9 knots, 
or, in bO min the >acht steers 9 knots 
.*. in 1 mm. the yacht steers krots 
.*. lu 20 mm, the 3 acht steers x50, or 3 knots _ , 
and m 65 min. the yacht steers x 35, or knots. 

From any point A draw AB m N. E. direction making 
AB=i 6 cm From B draw BC in N \V direction making 
BC = V cm 

Then this ^raph represents the onrse of the vacht. Join 
AC and measure it. It will be fonnd to be 12 08 cm. 

Hence, the yacht is 6 04 knots from the h^.rooar. 

From C draw CD vertically downward*. Measure the z. 
ADD and It will he found to be 15“. Hence the yacht mast 
set a coarse 15" £. of sonth for the run home. 

/ Q.E F.. 

6 . It required to draw a triangle having given that the 
hypbtenuse c =10 6 cm 

B 

Take a straight line BA=c Bistcc it at D (Proh 2 ). 

With the centre D and radia'* DB or DA describe a semi* 
circle. With 'he centre B and radias= « draw an arc cut- 
ting the semi-circle at C Join AC and BO 

Then ABC is the required right-angled triangle, right- 
angled at C (Prob. 10) 

Measure AC, and it will be found to be 9 cm. long. 

= /a0 6,= -(5 6,==y81=9 
A 
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7 . It is required to construct a triangle having given 
the foi* lowing parts •— 3=34)“, 6 =5*5 

cm., c=8 5 cm. 

B 

‘Take a siraighb line BD of anv length. At B make the 
Z. BBA=34" making the arm BA=c. 

With thp centre A and radius equal to h draw an arc ! 
this arc cuts BB at two points and C. 

Join AC^ and AC, 

Hence there are two triangles ABC and ABC' satisfying 
the given condition. 

Measure BC' and BC, and it will be found that BC'= 
“4*3 cm. and B{/=9 8 cm. 

Thus the two values of « are 4 3 cns. and 9 8 cm, 

Mea<5ure also the Z.® ACB and AC'B and it will be foucd 
that the z. AGB=60* and the z. AC'B=!20“. Thus the 
two values of G are 00” and 120” Beciuse 60” + 120” = ISO”, 
hence the two values of C are supplementary. 

Because AC = AC' 

the z, ACC'=ihe Z. AC'C 'Theor. 6) 

But the z.® AC'B and AC'C together = 2 rt. z.® 
(Theor. 1) 

.*. the z.® AC'B and ACC' or ACB together=2 rb. Z.® 
e. the Z.® AC'B and ACB are supplementary. 

Q B F. 

8. It IS required to construct a tuangle ABC having 
given the angle A=50“, 6=6 5 cm. and a. 

Take a straight line AD of any length At A make the 
Z. DAC=60” making AG=&. 
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(i). When a=7 cm. 


c 



With the centre C and radius=7 cm. draw an arc 
cutting AB at B. This arc cats AD at only one point. Join 
CB 

Then ABC is the required triangle. ' 

(ti). When a~ 6 cm. 


C 



With the centre C and radiuesaG cm. draw an arc. This 
arc cuts AB at two points B and B'. Join CB and CB^ 

Then ABC and AB'C arc the required triangles, satis< 
fying the given conoition. 

{vii). When a=6 cm. 


c 



With the centre C and r.'idias=5 cm draw an arc. This 
arc touches AB at a point B 

Join BC 

Then ABC is the required triangle right-angled at B. 

(iv). When a =4 cm. 



A 





"With the centre C and radm3=4 cm. draw an arc. 

This arc does not cut nor touch the side AD, 

Hence, no triangle exists with the given parts, 

9 Let AB, AC be two straight rods crossing at right 
angles at A, and car- ned over a ‘•traigbt 

can il by bridges at B sA _ and 0, such than rhe 
distance betwc-jn the bridges is 461 }ds, and. 

tne distance from the v crossing A to the bridge 

Bis26l3ds. “ 

It IS required to draw a plan and ascertain the distance 
from A to C by measurement. 

Draw the plan in the scale of 1 cm, to lOO yds. 

Take a straight line BC=4‘G1 cm. and upon BC 
as diameter describe a semi-circle With the centre B and 
rivdmj>=2 61 cm draw an arc cutting the semi-cirde at A. 
Join CA and BA 

Measure AC and it will be found 3*8 cm. long. 

The distance of C from A is 580 yds. 

Q. E. F. 

10. (see figure in Ex. 1 on page l9) 

It IS required to draw an isosceh 8 triangle on a base of 
4 cm. and having an altitude of 6’2 cm. 

Construction— Take a straight line BC=4 cm. 

Bisect it at D (Prob. 2). AtD draw DA perpendicular to 
BC making DA=6‘J cm. Join BA and CA. 

Then ABC is the required isosceles triangle. 

Proof. — In the two ABD and ACD 

f BD=DC (b}' construction) 

Because ■( DA is coinmnu to noth 

and the i. ADB=the z. ADC (being rt. z.®) 
two A® are equal m all respects (Theor, 4) 

so that', ABsi A(3. 
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ABC is an isosceles triangle, haring tlie altiaade AD 
%=:6 2 cm. and base BC=3 4 cm. 


Measure AB and AC, and it irill be found that each of 
them«=s6‘5 cm 

Q E. P. 

11 Let Z bo the given angle and Xlt the given 
straight line. a 

■ 

X 

B 


It IS required to draw an isosceles tiiangle having itis 
vertical angle equal to the given angle Z and the perpendi- 
cular fiom the vertex on the base equal to the given straight 
line Xy. 



Construction. — Construct an angle EAE— the z. Z 
Bisect the z. EAE (Prob. 1) by AG. Fiom AG cut off AD 
tsXY. *t D diaw DB perpendicular to AG meeting AB 
in B Produc BD to meet AP in C. 


Ihen ABC IS the required i*<0Mcele3 tiiaogle. 

Proof — In the two A® ABD and ACD 
, ^ f the Z. BAD = r.he Z. CAD (by construction) 

because* •{ the Z. ADB=tne Z. ADO ^ being rt Z.®; 

^ b i^'id AD le common to both ' 

, two A® are equal in all respects ^Theor, 17) 

BO that, AB=AC 

ABC 18 an isosceles triangle having the altitude 
A3)=sX’y, and the vertical angle BAC=3 Z. Z ' 

(i) It 13 required to construct an equilab'eral triangle in 

which the perpendicular fi ftom one vertex on the 
opposite side is 6 om. 
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W'6 knov? that in an equilateral triangle all ita sides are 
«qual. flence all its angles are equal. Therefore each of 
Its angles=!j of 180* =60“. * ^ 

Construction.— Miake an angle EA.F=80“. 

Bisect the A EAF bv' AG fProb. 1). From AG cut o6F 
A"D=2 i cm. At D Hraw DB nerp^ndicular to AG raeetiug| 
AE in B Produce BD to meet AF m G. 


Proof.— In the two A® ABD and ACD 

k 

f the z. BAD=tihe Z. CAD (by construction) 
Because the z. ADB=tthe z. ADC (being rb. Z.®; 

(_ and AD is common to both 

two A® are equal in all respects (Theor. 17) 
so that, the z. 'ABD *= the z. ACD 
Now, the z. BAG =60" 

z. ABC+zl ACB = 180*— 60*^120" 

Bub the Z. ABO = the Z. ACB (proved) 

each of the Z® ABO and ACB= J of 120“ =60* 

.*. the Z AB0=bhe Z ACB=the Z BAG 

iGenoe the triangle ABO is equilateral (Theor 6. Cor\ 

■Measlu'e a side and it will be found to be 6*9 cm. long. 

Q. E. F. 


12. It IS required bo construct a triangle ABC in which 

the perpendi- /\ cnlar from A 

on BO 13 5 yK . ftv ' cm., and the 


sides' ABjAC 
■and 9 



cm., 
are 5 8 cm. 
respectively. 


C()listructi0ii— Take a straight line EF of anv length! 
point in EF draw DA perpendicular to EF mak- 
ing DA=5 cm^ With the centre A and. radii =9 cm., and 

10 
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5*8 cm. draw two .arcs outiirng EP in the points B and C on 
oppo-<iie yidi 8 of AP, oi in the poiulsB' and C' uu the 
same side ot AB 

Then ABC and AB'C' are the two required triangles 
which satisfy the given conditions 

Measnie BC and B'C' and it will be found that BC=> 
10'4 cm. and B'C'=4* j cm» 

Q E.F. 

13. Let L, IS be the given angles and F the given line^ 



It 18 rrqnired to construct a triangle ABC having the 
angles at B and C equal to two given angks X* and 311, and 
the perpendicular tiom A on BG equal to the given line P. 

ConstrnctlOll — llraw a straight line EP of any length. 
At I) an) point in EP uiaw PA peipendicular to EP 
making DA = die hue F , 

Throngh A draw GAH pniallel to EP. At A make 
the GAB=tho z. L the aim AB meeting EP m 
B. Al*so <t Amukeiiie z. HAC==lhe Z. El -the -aim AC 
meeting EP in C. 

Then ABC 18 the required triangle. 

Proof — Because GH and EP are parallel, and AB meets 
them 

I 

the z. GAB=the alternate Z. ABC (Theor 14) 
s=the z. L 

Again, because '6E and EP are parallel, and AC meetff 
them 

a 

the z. HAC«=the alnefnale Z. ACB (Iheor. l4) 

^ Bsthe z. 32 


I 
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And the perpeadioalar AD = the given line D (hy cons* 
trucuou) 

Q. E, F. 

14. Let S, y be the given angles and b the given side. 



It is reqn’red to construct a triangle ABC having given 
two angles At B and 0 respectively equal oo the angles X 
and Y, and the side h. 

Construction. — With the vertex X of the z. X as cen tre 
and any radius draw an arc cuoimg the arms ot* the angle at 
H and K. With the vertex Y of bh'*z.Y as centre and radius 
of any lengch draw an arc cutting the arms of the angle at D 
and M. 

Take a straight line DC of any length. With the centre 
Dand radmsaXX or XU dnw an arc cutting DC at JT, 
With the centre H and iadiHS=HK draw anotht^r arc cat- 
ting the former arc ar. F. Join DP. With thf* centre C 
and radius=«YlI or YL ^dmw an arc cutting CD at 0 * 
With the centre 0 and radiu5=sLII drav/ another arc cut- 
ting the former arc at G Join CG 

Produce DP and CG to meet in B From CE cut off CA 
tssh. Through A draw AB parallel loDE meeting CD in B. 

Then ABO is the required triangle. 

Proof— Because AB aud ED are parallel, and DC meets 
them 

the jL BDG=the jL ABC (Theor. 14\ 

=ihe z. X 

also, the z. ACB=tbez. Y, and side AC~6. 

Q. E. F, 
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15 Let L be the given angle and DE the given aide. 



'll! IS required to construct an isosceles triangle having its 
vertical angle equal to the given angle L and its base equal 
to DE. 

Construction — Make an angle P0Q = bhe z. L. Pro- 
duce one of the arms QO of the angle to any point S , 
then ih» Z.'P0R is supplement of th-» /. POQ. Biopct the 
L. POR by OL , then each of the Z.® POL, LC-t is i alf 
the supplement of the Z. POQ. 

Take a straight lin® BO = DB. At the pointo B and C 
make the Z,® CBA, BOA each equal to the Z. LOR or Z. 
POL the arms BA and CA meeting at A 

Tnen ABO is the required isosoeles triangle. 

Proof.*— The z. CBA'=the Z.BCA (by construction) 

.*. AB=s AC (Theor. 6) 

ABC is an isosceles triangle. 

Again, the vertical z. BAG 

«the Bupplenisnt of the z.® ABC + ACB 

as the supplement of the z.® POL + LOR 

=the z. POfJ 

Aud tho bass BCssDE. 


Q. E. F. 
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16v Ibis required to conscroct a right angled triangle 
having gi^en the hypo* e tenuse c=5'3 cm , aud 

the sura of the remain- ^ ing cwo sides a and 6=3 

Construction. — Take astaighb linj DB=7‘3 cm. At 
D make tne Z, BDB=haIf rb. ungte 45°. , 

With the centre B and radius =5 3 rm. draw an arc 
cattiug DE at A. From A draw AG perpendicular to DB. 

Join AB 

Than ABC la the required right-angle triangle. ; 

Proof. — Bicause the z. ACD is a rc Z., and the Z, EDB 
or ADC=half rc z. or 45”. 

the z. BAG also=half rb. z. or 45* (Thcor. 16 

Inf 3) 

.* eh<=> z. ADG=!the z, DAG 
( DG=sAC (.Tneor 6) 

AG -{- BC=DC*i-BC=sDB=7'3 cm. * 

also the hypobenu&e AB=5'3 cm. (by construction). 

Measure AC and BC, and in will be found AC =3 6 =4*5 
cm. and BC==a=2‘8 cm. 


= y^2 8j=+^4-5^» = y i8*09 =3 5-3 

.*.c=ya^b'= ' 

- Q B. F. 



triangle having given ils 
cm , and the angles at 
and 80* respectively. 
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Construction — Take a stmight line ED=32 cm. At 
3) inak*' «n arigli* EDF = 70*, and nt E make an angle DEE 
— S0“, the two arms EP and DP meeting in P 

Bisect the ^EDP b\BA and the Z.DEP byEA, the two 
bisectors DA and EA mi eting in A 

From A dra^\ AB parallel to PD and AC parallel to PE, 
the lines AB and AG meeting ED in B and C. 

Then ABC is the required triangle. 

Proof. — Becausi' PE and AG arc parallel, &D<i AE meets 
them ’ ^ 

the iLAEP= the alternate Z.EAC (Theor. 14) 

Bat the z.AEF=:thG Z.AEC (by coustruction) 
the AEAC=ihe aAEC 
ACa=E0 (Theor. 6) 

Again, because AB and PD are parallel, and AD meets 
them 

/, the z.ADP=s the alternate ^DAB (Theor. 14) 

Bat the AADP=tbe /.ADB (by construction) 

/. the z.DAB=the Z.ADB 
/. AB=BD (Theor b) 

AC+BC4-BAs=ECd-CB4*BD=ED~ 12 cm, 

Again, because AC and PE are parallel, and ED njeetff 
them ' 

the z.PED=thd /.ACD (Theor. 14} 

or, the z. ACB=80‘ ■' 

And, because AB and PD are parallel, and DE meets 
them 

the z.PDE=bhe Z.ABB (Theor. 14) 
or, the z. ABC— 70*. 


Qi El Fi 
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IS It; is reqairCfl to construct! B tticni^lo ABC in^wuicb 
s=6 5 cm, 6-fc=10 ^ ctu , and B=(>0 . 

V 



h 


Constmctioti, — a straight line I)B=tO cm. At B 
make an angl* DBG=*>0* making BC=6*o cm Join Bo 

At; C make tha ADCA=the i^CDA tha arm CA meeting 
BD in A. 

Then ABC is the required trinncle. 

Proaf.—B^causethe AACI)=tliQ z.A'DO (by constrnc- 
tiori) 

AG— AD (Tfaeor, 6) 

.% AC+AB«DA+AB=DB«IO cm. 

alsoBC=o’5 cm., and the z.ABC==60*t 

Measure AB^or c and AC or b, and it will bo found that 
AB=4*2 cm. and AC=5 8 cm. 

b-f i;=(6*8+4*2j cm *=*10 cm. 

Q. E. F. 

13. It is required to construct a triangle ABC in which 
<):=7 cm., c--6s=l Cm., C and B=55’, 



Constmctioti.— -Take a straight line BD=lcm, AtB 
make an angle making B0=7 cm. 

Join DC. Produce BD to any point A* 
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At C make the angle DCA^the ^ ADC, the arm CA 
meeting BD ptoduced in A > ' , , 

Then ABC is the required tr'angle 
Proof. — Because the A ADC=the A ACD (by cons* 
truction) 

AD=AC (Theor 6) 

BA-CA=BA-DA=BD=1 cm 
also BC=7 cm., and the a ABC=55’ 

Measure AB or c and AC or 5, and it will he fonnd 
that AB=b cm and AC==V cm, 

/. c_2;=S cm . — 7 ciu.~l cm. 

Q. E. F. 

Page 89. ' ' 

1. Let PQ he a given straight' line. 



It 18 required to draw a rhombus each of whose 'sides is 
equal to the given straight line PQ, which is also to be ono 
diiigonal of the figure. 

Construction. —Take a straight hue BA=:PQ. 

With the centres B and A, and radio»=BA draw two 
arcs cutting at C. 

Join BC and CA. With tbo centres C and A, and 
ladiussBA draw two arcs cutting at D ou the side of CA 
opposite to B. 

Join CD and AD. ^ 

Then ABCD is the required rhombus each of whose sides 
13 equal to PQ, also one diagonal CA is equal to FQ. 
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j lo the A ABC, tecanse BA~BC=CA (by constrnctJon) 
ABC js an equilateral triangle 
each of its angles BAC, ACB, ABC~C0 . 

Similarly, in the A ADC, because CA=«AD~CB (by 

construction) 

I. 

ADC 13 an equilateral tnangle 

each of its angles ADC, ACD, DAC— 60 . 

; ,.Mhe ZBCD-z. ACB+A ACD*00‘+60*^120* ' 
Similarly, the L. BAD=Z. BAC + A DAC ~60 +60 w 
120 \ 

The L ABC=60*, also the L ADC=60*. 

, , ^ Q. E. B. 

2. (See figure in Ex. 3 on page 19) ' 


It la required to draw tt squaie on n. side of 2'5 inches 
and to prove theoretically that its diagonals nro equal. 

Constructioa. — Take a scmighr. line DC— 

At D and 0 draw DA and CB perpeudiculata lo DC 
making e«ch of them equal to 

Join AB 

l 

' . Then ABCD is the required square, 

Jem AC nnd BD. 

Thau in the two A® ADC and BCD 


r AD=BC (by conatruction) 

Because^ DC is commnn to both 

L and the l ADC=ohe l BCD (being rt. +8) 

t«vo A® are equal in all respects (Tbeor. 4) 

sothat,AC=BD ’ , ^ 




found that each o 




Q. K. I. 
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3 l6 is rcqnired to constract a siaarc on a din^onnl 
of 3". 


0 

CODStraction — Take a s'-ra^ht line AC =3'’. 

Bhb3i;i 6 of E (Pro‘) 2) A B dra v EO p3rt)endicnltir,to 

AC ED~J AC^l'o". Producj DE b youd E toB 

nittUtng EBs=EI). 

Join AB BC CD and DA. 

Th> n ABCD i'l the roqutrfd fqnarc. 

Mei-*ar * th‘* sides, and i6 trill bj found thot each of them 
is e ,n«l to 2 IJ' 

The oterago rc3nlt*=2*l2'' 

Q. E. F. 

4. ('5ee fignrr in Ex. 3 on page 59) 

It i«i r*^uired to drnw n pirallHo^am ABCD, having 
thot uiic Htdf AB=5 5 cn . and thu dntgouals AC,BD 
are 8 cm md G cm respective }. 

\V * know that tho diagonal-* of a parallelogram bisect 
on*' niio.h‘*r (Tn or. 21 Cor. 3) 

ConstTUCtlon.— Take a «6rmght Itn** ABs=5‘5 enu 

With the conlp* A and rndin-icaJ AC or 4 cm. draw an 
arc. With Jh“ cenirn B and radin'i~3 BD or 3 cm draw 
anorher arc rutting the former arc at 0 

Jrm AO and BO Prodneo AO l<»)Ofid 0 to C making 
OC - AO r-> i on Al*o prodiico BO bjjo'id 0 t.> D making 
OD=BO~ir.n. 

3 M. AD DC and BC. 

AC"•^c.fl. and BD~C c.n., and th*')’ bisect one 
aa-:h>rr*l 0. 
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Hence AHCD is the te^rtifed paralIe!ogr&m’ 

Measure AD and it will be found that AD=4*4 cm. 

Q. E. F. 

♦ 

5, It 13 required to constrnct a quadrilateral w'hose di- 
agonals are equal (each , A 6 cm.) and these diago- 
nals bisect one another angle of 60*, to 

name its species and give a /orwaZ proof. 

c 

Gonstrnction — Make an angle 'AEB= 60“, making the 
arms ED,EA each equal to 3 cm. 

Produce AE beyond E to 0 making EC= AE. 

Also produce BE beyond E to D making ED=3E, 

V Join AD, DC, CB and BA 

Then ABCD is the required quadrilateral. 

This quadriUtci-al is rectangle. 

Proof — III the A® ABB and DEC 

f AE=E0 (by construction) 

Because d BB=ED <by construction) 

( and the z. AEBs=*the JL DEG (Theot. 3) 

two A® are equal in all respects (Theoi . 4) 

BO that, AB=DC and the z. BAE=th8 Z. DOE 
But the z.® BAC and DCA are alten-ate angles 
AB and DC are’ parallel (I’henr. 13) 

AD and BC are equal and parallel. (Theor. 20) 
the figure ABCD is a parallelogram 
In the two A® ABO and DCB 

f AB=D0 'proved) 

Because AC=DB (given) 

1. and BO IB common to both 
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two A® are equal in all respects .Theor. 7) 

so that, the Z. ABC = -he Z. DCB 

Bat the z.® ABC+DCB=2 rt. z.® (Theor. 14) 

each of the z.® ABC and DCB=sJ of 2 rt. z.®=lrt.Z. 

.*. The parallelogram ABCD is a rectangle. 

Q. B. F. 

$ 

It IS required to show that five independent data are 
here given. 

Five independent data given in this problem are — 

(1) length of AC, (2i length of BD, (3) AC bisects BD, 
(4) BD bisects AO, and <5 AC, BD cut at an angle of 60*. 

M-^asure A3, BC, and it will be found that ABsS cm., 
and BCs:5 2 cm. 

Hence the perimeter =AB+BC+CD+DA 
=(3+5 2+3+6 2; cm. 

=16'4 cm. 

It is required to find the increase per cent in the peri- 
meter of the quadrilateral if the angle between the diagonals 
were increased to 90*. . 

If the angle between the diagonals were increased to 90% 
the figure would be a square, as shown in the figuie of JiJx. 


Measure each side of the square, and it will be found that 
it 18 equal to 4*24 cm, 

.*. the perimeter =16*96 cm. 

increase in perimeter=(16*96— 16*4)cm.= 56 cm. 
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56 


increase per centi. in tlie perimeter 100 =* S'4{ 


6. In a quadrilateral ,AB0D it is driven that AB=5 6 

cm , BC=2 5 cm , CD=4 cm„ and DA=3-3 cm. 

lb IS required to show that the shape of the quadrilateral 
is nob aettlt'd by these data. 

Because five independent data are nece"sary to construct 
a quadrilateral, and here are giren on«y four , therefore the 
shape of the quadrilateral will not be settled unless one more 
IS given. 

> III It is required to draw the quadnlaterul when A A 
=30‘ 


' Construction — Make an ‘angle DAB=30“, making the 
arras AB and AD. res- p ^ pectively equal to 5 6 
/Cm. and d*3 cm, Wnh 7 the centre D and radius 

=4 cm draw an arc. A ^ ^ With the centre B and 

radius =2b cm. draw another arc cutting the 

iormer arc at C. , , 

Join DC and BC. 

I 

'Ihen ABCD 18 the.^required quadrilateral. 

(ii) It 18 required to draw the quadi ilateral when /i A 
» 60‘ 

< Construction— Make an angle BAD s= 60 \ making the 

arms AB, AD respec- 
and 3 3 cm Wivh the ^ 

2*5 cm draw^ an arc 
radius = 4 cm. draw 

^ former arc at C. 
if Join BC and DC. 

Then ABCD is the required quadrilateral. 

the^l'Trw. “■ W When 


lively equal to 5 6 cm.^ 
1 cenite B and radinsa* 
With the centre, D and 
another arc cutting the 

« 




( IfS ) 

If tbe L. A -were tnafle 100*, theij tbe arcs (Jrawq -Witb 
oentres^, D, aod radii o ' equal to 2 5 ,cm.. au'd 4» 

cm., will not out oue another, b< cause BD ib,‘ 

in , this case, greater ^s^^lihan (4d-2 5) cm.,< or 
6 5 cm Hence the A E construction fails, aff ' 

shown in the fig me and no quadrilateral exists. 

It is required to determine the least value of the Z.A for' 
whiph the coustrnction fails 

The least valne of the Z.A for which the constructioa' 
fails 18 one in whifh the two arc>-, drawn 

with ceoties B and D, and radii equal to 2* 5' 

ejn , abd 4 vcm,, juso touch one another, ^at 

IS, when BD=!(4+2*5) cm , or 6 5 cm 

This 13 the case when the A =90*, as shown jin 4he 
fi^gure 

7 It 18 required to explain tbe method of constructing 
a quadrilateral, having given tbe lengths of the four sides 
and that of one diagonal. > 

In order to construct such a quadrilateral, take a line 
equal to its diagonal, and on tbe opposite sides of this iline 
describe two triangles whose sides ^are equal to , the .two 
pair of adjacent sides of the quadrilateral w^hich meet at 
the angular pcints through which 'the diagonal does not pass 
(according to the method explained in Prob 8) ’ 

It is required to find tbe conditions that must hold 
among the given data in urdei that the problem may 'be* 
possible. 

In order that the problem may he possible, each of these 
pairs of adjacent sides must be together greater than the 
given diagonal. 

/ (xl It IS required to construct a quadrilateral when 

AB=3", BC=I'7"/C3) «2 5" BA«2 8 ^and 

the .diagonal, BI),=« 
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CoaStttt(itioii.-Tfte RStwigit-tine BD^S-e 

W«h ite cMtre B and ,r»d.r.a=i-7'' draw an arc Vf itb 

the centre D and redms=25'' draw ano-Jier arc cutting .the 

former arc at C. 

Again with the centre, B and rato^S' draw an arc 
on l& side otBD oppos'Ce to 0. With the centre Dana 
radias=2 8''' draw another arc cnttiug the former arc at 


Join AB, 30 *03 and DAe ^ 

Then ABGB is the required quadrilateral. 

Join AC and measare it. It will be found that AC«i 

4-2o^. 


(at) It is required to construct a quadrilateral when 
AB=s3 6 cm ,30^=7 7 j: cm., CD— 6*8 cm., DA 


ssso'i cm., and 



diagonal AC =8*5 cm, 


COhstructioil. — Take a straight line AC =8 5 cm, 

"With jbe centre A and rad ins =3* 6 cm. draw art arCr 
"With the c^'nire C and radios— 7*7 cm, draw another arc 
cutting the former arc at 3, 

Again with the centre A and ladins— 51 cm. 'draw an 
arc on the side of AO opposite to B. With the centre 0 
and radia3=8'8 cm. draw another arc cutting the former 
arc at D. v , 

^ Join -AB, 30, CD and DA 

Tnen ABOD is the required quadrilateral, j 

Measure the angles B and D. and it will be found that 
the JL B«'i0’ and the l D-90*. , 

Q. E, F/ 
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^ages 94 and 95. 

1, Let QRS be a given circle whose centre is 0, nnd 
let P be a given point 
distance (measured 
cumfcrence of the oir- 


It IS required to find the locus of the point P. 

Join OF, and let it cut the given circle at Q. 

Then sin/:e the circle is given, its radius OQ is of constat 
length Also Q P is of constant length (given) 

(0^+QP) and (OQ— (JP) are also constants 

Hence the ibcns of P is a pair of concentric circles whose 
radii are tOQ + QP) or OP and (OQ— QP)or OP' as shown 
in the hgutc 

Q E. F, 

2. Let a point P move along a straight line RQ, and 
let A and B be any two g given points. 



It IS required to find the position in which P is equi- 
distant from A and B 

Join AB and bisect it at 0. At 0 draw OP perpendi- 
cular to AB meeting RQ lu P, 

Join AP and BP, 

Locus of the points equidistant from A and B is the 
straight line OP which bisects AB at right angles 
<Prob. 14) 

'Hence the point common to OP nnd RQ ninst satisfy 
both the conditions , that is, the point P where OP inter* 
sects RQ, lies on RQ and is equidistant from A and B 

Q. El Fi 



which moves so that its 
radmllj’) from the cir* 
p clc QRS IS constant. 
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. S. Let PQU be a circle whose centre is C, and let A 
and B be two nxed points 5 — ^ 'Tsrithm the circle. 



It is required to find points on the circumference of the 
of the circle PQR equidistant from A and B. 

Join AB and bisect It at 0. At 0 draw OP perpendi- 
cular to AB meeting the circuraferenee of the circle PQR 
in P. Produce PO beyond 0 to Q meeting tne circumference 
of the same circle in Q.. 

Locus of the noints equidistant from A and B is the 
straight line POQ which bisects AB at right angles 
(Prob. 14) 

Hence the points common to the circle PQR and tho 
straight lin® PQ must satisfy both the conditions, than w, 
P and Q, the points of inO“rsection of OP and OQ and tho 
circle PQR, he on the circumference of the ciicle ana arq 
equidistant from A and B. 

. ' Q. E. F., 

4. Let a point P move along a straight line RQ, and 

jines^^* 5 other given straight 



Let AB, CD cut one another at 0» 

^ meeting RQ in p Prodni^J 

PO heyo^ 0 to any point S. .Bi^pct the z. BOD bv 

■oeMmg BQ ,n r. -Prodaoe FO beyond 0 to any Xiffl 
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Locus of She points equidisSanS from AB and CD is the 
pair of lines SP, S'P' bisecting the angles between AB and 
CD (Piob. 16) 

Hence the points common to this pair of lines and the 
given straight line RQ must satisfy both the conditions ; 
that 18 P, P', the poiiin of intersection of the pan of hoes 
SP, S'P', and the straight lino RQ, he on the straight line 
BQ and are equidistant fioin AB and CD 

Q. B. F 

5. Let A and B be two &xed points 6 cm. apart. 



It is required to find two points which are 4 cm distant 
from A, and 5 cm from B ' i 

With the centre A and raduis=4cm describe a circle. 
"V^itli the centre B and radiusj=s5 cm. describe another 
circle cutting the former circle at P and Q 

o > 111 

Locus of the points 4 cm ’distant from A is the ciroum* 
ference of a circle whose centre is A and radins=s4( cm. 

Locus of the points 6 cm distant from B is the circum-* 
ference of a circle whose centre is B and radius=5 cm 

Hence the nomts common to the two cirples diawn with 
the Cintres A,B, and radii 4 cm., and 5 cm. respscbively, 
must satisfy both the conditions , that is, P,Q, tho points of 
innersection of two circles, will each be 4 cm. distent from 
A, and 5 cm, distant from B. 


Q. B. F. 
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6< Let AB, CD ba two given straight lineSf 



It IS rGC[n)red to find points 3 cm* distant from AB, and 
4 cm. from CD. 

Let AB, CD cut one another at 0. Draw El* and MN 
parallels to AB, each at a dnraiice of 3 cm. from AB. Draw 
GH and ELr purnllels to CD, < ach at a distance of 4 cm. 
from CD, cutting £P at F and S, and HN at Q and B 

Locus of the points 3 cm, distant from AB is the pair 
of straight lines EE and MN drawn pur.iUel to AB on either 
side of it, and at a distance of 3 cm from ir. « 

Locus of the points 4 cm distant from CD is the pair 
of straight linos GH and KL drawn parallel to CD on either 
side of itj and at a distance of 4 cm. from it. 


Hence the points common to the two pair of straight 
lines must satisfy both the conditions; that is, P, Q, B, S, 
the points of interseciaon of the two pair of straight bnes,, 
Will each be 3 cm. distant from AB aud 4 cm. distant 
from CD 

Q. E. F. 


7< Let AB, BC be two straight rulers placed at right 
angles to one another ^ bo 


one position of the 
length which slides 



straight rod of 
between them. 


given 


It is required to plot the loons of the middle point- of PQ, 
and to show that this locus is a fourth part of t^ eircumfe*- 
resee of a circle. > ^ 
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Bisecfc FQ ab 0. Join BO. With the centre B and radios 
BO draw aa arc cutbing AB lo I) and BC in B. 

B0=^ PQ (proved lo Ex ID on page 47) 

= constant (V the straight rod is of given length) 

a e the distance of 0 from B is always conscant. Bub B 
is a fixed point , therefore the locus of 0, the middle point 
of PQ, IS a circle whose centre is B and radius a^^pQ. 

Because the rod PQ slides between the lulers AB and 
BC, therefore its middle point 0 will never go beyond them. 
Hence the arp BOB is the required locus 

In a pircle a radius starting from any position in any 
direction moves through 4 rt about the centre to come 
back to Its original position (froni which it started). 

Now 1 rt. angle is a fourth pa'rt of 4 rt angles 

the arc DOE snbtended by the rt DBE is a 
fourth part of the circa mterence of the circle drawn with 
centre B and radius BO. « 

Hence the required locus is the arc/ DOE which is a 
fourth part of the circumference of a circle. 


Q. B. F 

8.' Let APB he a rightranglpd triangle described 
^he given base AB as a hypotenuse. 


on 



It is required to find the locus of its vertex P. 

Bisect AB at 0, and join PO. 

Then ”FO=s^ AB (proved in Ex 10 on page 47) 

Because AB is given, hence its middle point 0 is a 
fixed pnioc. 

, . ^e locos of F IS a circle whose centre 'is 0 and xadius 
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.*, the locus of rerfcices of right angled triangles dtscribed 
dn the given base AB as a hypotenuse is a circle on AB as 
diameter. 

Q. £. jP. 

9. Let A be a fixed point, and BC a fixed straight line 
on which a point X ^ moves. 


B 

It is required to plot the locns of P, the middle point of 
Ax, and prove that the locus is a straight line parallel to BC. 

Let X, X' be any two positions of X. Join AX and AX^ 

Bisecc AX at P aud AX' at P'. Join PP' and produce 
it beyond both ends to ponies Q and 13u 

Because P and P' are the middle points of AX and AX' 

A the straight line PP' is parallel to XX' or BC (proved 
in £x. 2 on page 64) 

If any point in BC representing the position of X be 
joined to A^ then this straight line will bs bisected by YBi 

or PP''(proved m Ex 5 on page 64) 

Thus it 18 evident tlat every straight line drawn from A 

and terminated by BC is bisected by QB which is parallel to 
BC 

A QB IS the required locus and it is parallel to BC. 

Q B F. 

10. Let A be a fixed point, and 0 the centre of a given 

circle on the circum- ference of which the 

point X moves, 

A 
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Ii> 18 required to plot tlie locus of P, the middle of AX, 
^eod to prove that this locus tfi a ciicle.. 

Jom AO aud bisect ib at C« 

Let X denote any position of the moving point on the 
circumference of the giveu circle. 

Join OX and AX Bisect AX at P. Join CP. 

Because P aud C aie the middle points of AX and AO. 

.'. PC IS J of OX (pioved in Bx. 3 on page Gi) 

Because 0 and A are fixed points, henoe C the middle 
point of AO is also a hxed point. 


Again, because the circle with centre 0 is given, therefore 
the radius OX is of constant length. 

^ OX or CP IS also of constant length. 

the locus of P, the middle point of AX, is a circle 
'whose centre is C and radius OX. 

• Q. E. F. 

11. Let AB he a given straight line, and let AX he 


a perpendicular' draTvn 
straight line BX 


< « 



from A to any 
passing through B. 


B 


If BX levolve abnnt B, it IS required to find the locus of 
the middle point of AX. 

Bisect AX at P ond AB at C. 

Join PC. Then PC is parallel to BX (proved in Bx. 2 
<m page 64) , 

Since BX and PC are parallel, and AX meets them 
.*. the L. AXB=thp APC ^Theor. 14) 

But the t, AXBs: 90* (given) 
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the L. APO is 90\ ' ’ 

thecncle dfsci i be«i on the diarnsfer AC will pass 
through P (ProD. 10 , also proved in Ex 8) 

Because AB is a nxi d srraighc line and G is its middle 
point, therefore AC is of constant Ungth 

.*. the circle described on the diameter AC is a fixed 
circle. 

And because P, the middle point of AX, lies on this 
circle, 

the locos of P IS the circumference of this circle. 

Q. E. F. 

12 Let OX and OT be two straight lines cutting at righl^ 
angles at 0, and let P be a point wiihm ihe anglt' XOT 
from wbich perpendiculars PM, PN are drawn to OX, OY 
respective!} . 

(i). It is required to plot the locus of P when PM-f PM 
a=8 cm. Y 

A 

N 

^ MB'* 

To find a position of P measure off along OX a length 
OM less than 6 cm. At M draw MP ptrpendicniar to OX 
and equal to the difference b tween b cm. and OM. From 
P draw PM perpendic «lar to OY. 

Then PM4-PN=PM+0M=6 cm. 

Here the point P moves through all positions in which 
PM-l-PM=6 cm. ; hencp one position of the moving point 
P 18 at the point B in OX, such that 0B=6 cm. In this 
ease PM=0 zero and PN coincides with BO. 

T^t P be any other position -of the moving point. Draw 
PM, PM perpendiculars to OX, OY respectively. 
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(Then p]!I-f-PN=6 cm. 

Bccaase PJ1J=0M fThpor. 21) 
P3ir+Pl?=PM+0M=Gcm 
Join BF .in'l prurlnc it i'» meet OY in j 8.» 
Bt'CflH'**' 0B=0]\I+MB=6 cm. 

and 03ir+ P]il=<‘' cm. 

ok+mb=o]b:+pii 

/. HB^FM 


the Z. MBP=the z,MPB (Theor. 5) 

Again b c«use the JL PKB is a rt. Z.. tbereforc eoch 
of the z.® HBP and KPB la half a rt angle (Theor. 1(? 
Inf 3) 


Thns B bsinsr a fiiced point, and z. MBP a constant 
angle, the line BP is known in position 

Every point P which moves ns given above, lies on 
the straight line BP which passes through the point B and 
makes ivith OX ab angle t-qual to half a right angle. 

Blit since the point P nmains within the z. XOY, there* 
fore the line AB between the given lines OX, OY is the 
required locus. 

Q. E F. 


(^^) lb is required to plot the locus of P when PM — 
P2J=3 cm. 

j 

Here the point P moves through all positions in which 
PM-PK=3 cm., y hence one position of the 

moving point P is | y 'B at the point A in OY, 
such that 0A= 3 cm In thn case PMe=0aero 

and MP coincides Af I with OA. 


0 


M 


X 


Let P be any other position of the moving point. 

^ Draw PM, PN perpendiculars to OX, OY respectively* 
TbenPM-P]J=:3cm. ' 
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Join AP and produce it beyond P to any point B. 
Because 0A=0]5r— NA=3 cm. 


and Pitt— PW=3 cm. 

/. ON-lTA=P]tt-PN 

BubON=P]tt. iTheor. 21) 

/. BrA=PlT 

tbe NAP— the L, NPA (Theor. 5) 

Again because the £_ ANP is a right angle, tberefor'e' 
each of tbe iJ> NAP aud NPA is half a rt. angle. ^Theor. 
16 Inf. 3) 

Thus A being a Bxed a point, and L, NAP a constant 
angle, the line AP is known in position. 

,*, every point P which movea as given above, lies on the 
straight line AP which passes through the point A and 
makes with OY an angle e.^ual to half a rb. angle. 

the line AB is the required locus. 

Thus the locus of P is the straight line AB lying between 
the given straight lines OY, OY and making with OY an 
angle equal to half a right angle. 

- Q. B. Ft 

13. Let two straight lines OX, OY intersect at righ® 
angles at 0 and let P be the moving nnint from which per-’ 
pendicnlars PM, PN are drawn to OX, OY. 

(») It IS required to plot (without proof) the locus of P, 
when P]ff=:2 PN. 


Take any point M' 
2'OM'^. At M'^ draw 

OX. At N'^ draw 

OY, meeting M'P 


in 


OX. 



M/M 


From OY cnb off 0N'=* 
M'P' perpendicular to 
N'P' perpendicular to 
in P'. 


0 


X 



( no > 


^ftkc smother point M lu OX. From OY cub off ON=s 
SOM. 

At M draw MP perpendicular to OX At N draw NP 
perpendicular to OY, meeting MP m P. Join P'P attd 
produce it to auy point Q. 

Then the une PP' is the required locus. 

It ahou\d he noticed that thw \ocu4 passes throui>h -0. 

Q. E. F 


■(ti) It IS required to plot (without proof) 


P ehou PM=3 PH. 



the locus of 


Take any point M^ m OX From OY cub off 
S-OM'. At M', N' draw M'P', N'PC peipendlculars to OX, 
OY respectively, the Imes meeting m P'. 

Take another point M in OX. From OY cut off OH=s 
3 OM At M, U" draw MP, NP nerpendiculars to OX, OY 
respectively, the hues meeting in P, 

Join P'P and produce it to any point Q. 

Then the line PP' is the required loons. 

It should be noticed that this locus passes through 0. 

Q. B F 

' 14. Let AB, CD be two given parallel straight lines, X 
a given hue, and Pa p given point. 



X 
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It 18 required to find a point v/hich is at a. given disfcanca 
X from P, and is equidistant from two given parallel straight ' 
lines AB, CD 

Locus of tlip points pquidishanb from AB and CD is the 
straight line EF parallel to AB or CD, and midway between: 
them. 

Locus of the points which are at a given distance X 
from P 13 the cMcumforenc-i of a circle QB, whose centre is 
P and radius equal to the given distance X. 

< Hence the points common to the ciicle QB. and the 
straight line EF must satisfy both the conditions * that is, 
Q, B> the points of inters ction of the cucle QBi and the 
straight line EF arc < qiiidisrant from AB and CD, and are 
at the given distance X from P. » 

Q E. F. 

This problem admits of two solutions when the given 
distance X is greater than the perpendicular from P to EF). 


This problem admits of only one solution when the given 
distance X is equal to the distance of P from the straight, 
line EF. ^ . 

This problem is impossible when the given distance , X 
is less than the distance of P from the straight line EF. 


15. Let MX be a given straight line, and let S be a 


fixed point 2 " distant 



from It. 


It is required to find two points which arc 21" distant 
from S, and also distant from MX, 

From S draw perppodicnlnr to MX and produce QS 
to any point B, making BQ==2|". 

Through E draw ABB parallel to MX. 



( m 

With the centre S and radius =i2f-*' draw an' arC cutting 
AB at the points 0 and P 

Join SO and SP. From 0 and P dfaw 00 and PD per-' 
pendicalars to MX 

Then 0 and P are the two points which are 2^" distant 
from S, and also distant from MX (*.* S0 ss2|^bsQE=^ 
00) 

Q. E> F. 

16. Let MX be a given straight line and S a given 
points 



It is required to find a series of points equidistant from 
the given point S and the given straight line MX , and to 
draw a carve ^freehand) passing tbruugh •all’the points so 

fdnnd. 

From S draw perpendicular to MX and bisect it 
at A. 

Then A is a pCint equidistant from S and MX# 

Prodace MX beyond X to any point M^. 

Produce XS beyond S aud take several points M, K, 
ff, 0, P, .... on It. 

Through H, K, L, M, 0, P, draw parallels to MXM'. 

With the centre S and radms=HX draw an arc cutting 
the parallel through S at the points B, B^. 

With the centre S and radtns=:KlX- draw an arc outtlng 
the parallel through E at 0, 0', - ' 
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With the centra S and rndms=LX draw an arc cutting 
the parallel thi ough L at B D^, 

With the centre S and ridins=NX draw an arc catting 
the p irallel through N at B, E'. 

With the dentre S and radi»js=OX draw an arc cutting 
the parallel through 0 at 

With the centre S and radms=PX draw an arc ontting 
the parallel through P at G,G' 

Draw a freehand curve p issing through the points B, Q, 
D, E. P, G, A, G', P', E', I)^ C', B' thus found as shown in 
the flguret 

The curve so formed is called a Parabola. 

JoinBS,B'S,CS.C'S, B3,B'S, ES, E'S, PS. P'S, GS, \ 
G'S 

From B B' C,C', D,D', E,E', P,P', G,G' draw perpsndi- 
jcalara to MXM'. 

ThenB,B'. C,0'.D.D',E,B'.FP',GG' are the series of 
points equidistant from S and BEX (proved in Ex. 15 oi^ 
page 95). 

Q. E« P* 

17. Let EP be a given straight line. 



It is required to contract a triangle of given altitude on a 
given base having its vertex oo the given straight line EP. 

Lot BC represent the given base of the triangle. At 
draw BB perpendicular to BO making it eqnal to the givep 
altitude. From B draw DG parallel to BC. 

Then the vertex of the triangle hep on BG. 
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Also 6lie v'crti't lips on the sbraighb line EF (given) 
the point A wheie DG cuts EP is the required vertejf* 

Join AB And AG 

i 

Then ABC is bhe required tnaagle* 

Q E. F. 

18 (See figure in Bs- 7 on page 34). 

Let ABO be a triangle. 

lb IS requited to And a point equidistanb from the three 
sides of the triangle ABC. 

Bisect the z.^ABG and ACB by BO and GO, the Imee^ 
BO and CO meeting in 0. 

Locus of the points eqnidishant from CB and CA is the 
line GO which bisects the Z. ACB. (Frob. 15 ) 

Locus of the points equidistant from BA and BC is the 
line BO which bisects the zABC. (Prob 15) 

Hence the point 0 where these two bisectors meet is 
equidistant from AB, AC and BC 

Q. E P. 

19 Let two straight lines OX, OY cub at right angles at 
0, and let Q, E be two points in OX and 0? respectivefy. 

(^) It IS required to plot the locus of the middle point of 
QE when 0Q+0E=constaut. 



Join QE and bisect it at P. 

«fv **hroffgh all positions in ■#^hio& 
vvi+UB, IS oonstann, and P 13 its middle point. Therefore 
one position of P, when QR falls along OX, is at A in OX, 
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' When QR (while moving) falls along OX in stfch a vrajr 
that OQ-fOB. IS cofisiiinc, itiere is a line in OX which repre- 
sents ttie poaiiiou of QBt. 'Ihis line is equal to O^+OR. 

Bub A rcpres-nting the position of p, the middle pomli 
of QR, is the middle point of tnia linct 

0A=^ (OQ+OR)=acoosfcaab. 

Hence A is a hxed point. 

From P draw PSI perpendicular to OS, and PH perpen- 
dicular to OY. 

Join AP and produce it beyond P to meet OY in B. 

In the A ROQ.P is the middle point of RQ, and P3B! 
is parallel lo OR , proved in Lx. 2 on pa^-e 41) 

IS is the middle point of OQ (pro%ediu Erx, 1 on 

ge 64) 

Suico VfTS. are the middle points of RQ, OQ 
^ ,*. PM=s4 of RO (proved lu Fx. 6 on page 64) 

Similarly, PH *= J of OQ 

.% PM+PN«i ,R0+0Q)=0A 

Bab OA~OhI+MA, and PH=0SI (Tbeor. 21) 

/. PI5:+PH=Oia:+3IA=PN+LIA 
P3!S:=HA 


bne z. HPA=the z. HAP (Theor. 5) 

But the z. AHPisart. angle, hence each ofthe zi® 
HP A, HAP IS halt a rt. angle. 

Thu'i A being a fixed point, and z. HAP a constant 
angle, AB is a fixed hue. 

In every position of QR the middle point P lies on 
the straight line APB which makes with OX an angle equal 
to half a rt. angle. ^ 


Bnb since the points Q, E always lie on OX and OY 
therefore AB lying between OX and OY is the required 
locus aa shown in the figure. 


Q. E. F. 
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Hi) l6 is reqnir»'d to plot the locus of the middle ‘poiiit’ 
of QR when OQ — QR is oonataut. 






/IMA 


X 


Join QR and bisect it at F, 

Here the hne QR moves tihrongh all positions m which 
OQ— OR IS const Hit, and P 13 Its middle point. Therefore 
one position of F when QR falls along OX, is at A in OX. 

When QR (while fnoving) falls along OX in such a way 
thatOQ—OR 11 conatant, theie is a line in OX which 
represents the position of QR This line is equal to OQ— OR. 

But A repres‘>nting the position of P, the middle point 
of QR, IS the middle point of this line, 

0A=§ (0Q—0R)= constant. 

Hence A is a d point. 

From F draw PM pirpendicular to OX, and PIT perpau- 
jdicular to OT. 

Join AF and produce* it beyond F to!!any point B 

In the A ROQ P IS the middle point of RQ, and 
PM, RO are parallel (proved in Ex 2 on page 41). 

.*. M is the middle point of OQ (proved in Ex, 1 on 
page 64) 

Since F,M are middle points of RQ, OQ, 

.*. PM 13 i of RO (proved in Es 3 on page 64) 

Similarly, PN — ^ "f OQ 

PlT-PM=i '0Q-0R,=0A. 

But OA=OM- iM, and OM=PN 
PN-PM=OM~AM=PN— AM 
/. PM=AM ' 
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the £, MPA^the L. MAP (Theor. 5) 

But the Z- AMP is a rt angle, hence each of the Z.® 
MPA, MAP IS half a rC. angle. 

Thns A being a fixed point, and the z. MAP a constant 
angle, AB is a fixed line 

in every position of QBi, the middle point P lies on. 
the straight line APB which makes with OX an angle equal 
to half a rt. angle. 

But since the points always he on OX and OY 
therefore AB lying between OX and OT is the required locos 
as shown in the figure. 

20 (t) Lets, S' be two fixed points. 

It is required to find a aeries of points P such that SP+, 

S'P^S-o". 





With the centre S and radios s= 3*5^ draw a circle. 

Join SS' and produce it beyond S' to meet the circnia- 
ference of the circle in P. Bisect S'P at 0. Then 0 is a 
point on the curve. 

Produce S'S beyond S to a poini P' making SP's=S'P. 
Bisect SP' at 0'« Then 0' is another point on the curve, 

12 
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Take any number of points E,D,C,B>A,A',B',C^D^E' 
on the circii inference of the circle. 

Join SB, S'B, SD, S'D,SG,S'C,SB,S'B,SA,S'A,SA',yA', 
SB'. S'B/SC/S'C/SD/S'D/SB'S'E/ 

At S' make the JL ES'P=che L. SBS' the arm S'F 
meeting SB in F. 

At S' make the A DS'G= the Z. SD3' the arm S'G 
meeting SD in G. 

At S' make the £, CS'B[=the L. SCS' the arm S'H 
meeting SC in H 

At S' make the z. B3'K=the z. SBS' the arm S'Bi 
meeing SB in K. 

At S' make the z. AS'L=the z. SAS' the arm S'l/ 
meeting SA in L. 

At S' make the Z. A'S'L' =the z. SA'S' the arm S'L' 
meeting SA' in L'. 

At S' make the z. B'S'K'=:the z. SB'S' the arm S'K' 
meeting SB' in K', 

At S' make the z. C'S'K=the Z. SC'S' the arm S'K' 
meeting SC' in H', 

At S' make the z. D'S'G'=the z. SD'S' the arm S'G' 
meeting SD' in G'. 

At S' make the z. E'S'F'=the z. SB'S' the arm S'F' 
meeting SB' in F'. 

Draw a freehand curve passing through the points P,G, 
H,K,L,0,L',K',H',G',F',0' thus found as shown in the 
figure. 

The curve so formed is called an Ellipse. 

S'0=0P, S0'=0'F and S'P=SP' 

SO+S'O^SO+OP^SP^S'S" 

Also S'0'+S0'=SS'+S0'+0'P'=SS'+SP'« SS'+S'P 

=SP=a5''' 's 

.*. Q and 0' are the points on the locus. 


\ *# a j 

Becanse the ^ SMT 

I-'a™ Pomfa“",b’’;£2d K, H, G, F, jv. O', a 

fp_ I«« S, S' ba 1*0 ' Q- B. P. , 

StSi’s/'’""'"' “> «■><! a senes of ' 



"'■*1> the centre S', j ' 

point; hfco arc at; k 

SD'fs'V! Sir3..®:°- ss.'s-a-.^B^g?'’,®'-;-- 

®'' - ’ " C', w., J 

J O Ml bejTOQc 
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At S make the i. BSH^the z. SDH the arm SH meebf 
ing S^D produced m H. 

At S make the i. CSGt^the A SCG tho arm SG meet- 
iag S'C produced lu G. 

At S make the A BSP the A SBP the arm SP meet- 
ing S^B produced jn P 

At Smoke the A B'SF'=tho A SB'P' the arm SP' 
meewng S^B' produced lu P'. 

At S make the A C'SG'«the A SC'G' the arm SG', 
meetvng S'Q' produced lu G'. 

At? make the A D'SH,'=the A SD'K' the arm SH' 
meetmg S'P' produced In H'. 

At S make the A E'SK'=the A SE'K' the arm SK' 
meeting S'E' prod need m K'. t 

Draw a freehand curve pasetng through the points H, 
G. P, the middle point of AS, P', w , H', K', thus found as 
shown 111 the figure. 

Similarly, with centre S and radius draw an arc 

cutting SS' at A'. By taking any number of poiuts on this 
arc, and determioiug the corresponding points on the locus 
(by the method given above) a simiki curve can be drawn 
on the other aide of AA' 

These two branches of the so formed carve form what is 
called a Hyperbola v 

Suppose F represents t|ie middle point of AS, 

Then S'P -SP^S'P ~AP=S'A= 1 V . 

P IS a point on the curve 

Because the A PBS = the A PSB 
PB=PS (Tbeor. 6 ) 

S'P-SP«ST-PB«S'B=1-S^ 

P 13 ft point on the locus. 

Similarly, it. can be proved that H, G, P', G', H', K', 

re pouita on the locus 


Q. B. F. 



f 181 ) 

PSi^c 98 

« ^:iven 86raighD^mS''®“ ^ ^ angle and BC 

4 



WlhBCMmgl^ “ straight line from a j. 
CoaitrnotionXL . S” 

«l«al to toe g.;e *Ltle“x to'"’ ^ 

•oO in D and E. & a the arms AD anH A ®ach 

Thin AD and AE are to 

Proof-Baeauee PA and Dc’""'''' 

““ nnd AD meeto 

BnUh?^^PA®D“!to?!^T‘^^to■^”‘’^^^^^ ■ 

,,4garn.beeaueeaAandES LV P^atundl^" ^et 

.*. the z. GATi!— I.I, 1 ® 

Bub the z GAE=the^Z^X^*’^'^.'^®® 

.*. ad and AE are th« ’ * * ‘■‘'® AEB=:the z T 
nw 1 required lines ^ 

A makiug 

2. Let AOB be a given angle, -F. 
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It 18 required to draw the bisoctor of the angle AOB, 
without using the vertex 0 in the construction. 

Construction —Take any point C in OA, and any point 
S in OB Join CD. 

Bisect the ODC and OCD by DP, CP, the arms DP, 
CP meeting in P. Join PO. 

Then PO is the bisector of the z. AOB. 

Proof.— Because OP bisects the L. OCD 

.*. CP IS the locus of poiuts equidistant from CO and 
CD (Prob. 16) 

Again, because DP bisects the z. ODD 

DP is the locus of points equidistant from DO and 
DC (Prob. 15 ) 

P is on the locus of points equidistant from OC and 
CD (proved in Prop. II on page 96; 

That is, OP is the bisector of tbe z. COD or AOB 

Q. B. F, 

3 Let P be a given point witbin the z. AOB. 


A 



It IB required to draw through P a straight line terminate 

ed by OA.and OB, and bisected at P 

• ‘ 

Construction.— From P 'draw PD parallel to OB meet- 
ing OA in D. 

From DA cut off DC =s OD. Join CP and produce it to 
meet OB in E 

Then CE is the required straight line. 

Proof — Because D la the middle point of OC (by cons- 
otion) and DP is parallel to OE. 
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/j P is the middle point; of CE (proved in Es, 1 on page 
64). 

Thus, throncrh F the straight line C£ is drawn terminet* 
ed by OA and OB, and bisected at F. 


Q. E. F. 


4 . Let OA, OBj 00 be three straight lines meeting at 0. 

A 



Tt is required to draw a transversal terminated by OA 
and 00 and bisected by OB. 

Constraction. — Take any point E in OB. 

From E draw EP parallel to 00 meeting OA in F. 
From FA cnt off FQssOF 


Join GE and produce it to meet 00 in D. 
Then GD is the required atraight line. 


Proof.— Because P is the middle point of OG (by cons- 
truction) and PE is parallel to OD 

E 13 the middle point of GD (proved in Bt. 1 on 
page 64) 

Thus GD is the transversal terminated by OA and 00, 
and bisected by OB at E 

I 

^ Q E. F. 


5. Let MET be a given straight line, A a given pomb 
and BO, DE two ^ given parallel straight 

lines. 

-c 


B h°Ap 


M N 
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It is required to draw through the given point & a 
straight! line so thit the part intercepted between th*> two 
given parallels BC and DE may he of given length MN. 

Construction — Take any point H m BC. 

With the centre H and radinp=MN draw an arc cutting 
DE at E and G. loin HE and HG. 

From A diaw AE parallel to HE cutting BC in 0 and 
meeting DE in E. 

From A draw AL parallel to HG cutting BC in F and 
meeting DE in L. 

Then AOE and AFL ore the required lines. 

Proof — Because HO is parallel to PE (given^, and HE 
18 parallel to OE by construction) 

.*. the figure HEEO is a parallelogram 
HE=!0E(Theor. 21) 

Again, because HG is parallel to PL (by construction) 
and HP is parallel to GL (given) 

.*. the figure HGLF is a parallelogram 
HG=PL (Theor. 21) 

But HPs=HG=MN (by construction) 

0E=PL=]1IH. 

.*. the straight hues AOE and APL have tbeir parts 
OE and PL Intel cepted between the parallels BC and DE 
each equal to MH. 

Q. E. F. 

This problem admits of two solutions when the given 
length MN IS greater than the distance of P from the 
line DE (^.c., the perpendicular from P to DE), as shown in 
the figure. 

This problem admits of only one solution when the given 
length ItN is equal to the distance of P from the line DE^ 
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This problem is impossible when the giten leBgtb Mil 
is less than the distance of P from the line DE. 

6. Let ABC be a triangle. 


A 



It IS required to inscribe a rhombos in the triangle ABd^ 
having one of its angles c unctding with the angle A. 

ConstrnctioQ — Bisect the z. BAG by AD to meet BO" 
in D 

Throngh D draw DE parallel to AC meeting AB in E ; 
also draw DP parallel to AB meeting AC in F. 

Then AEDP is the required rhombus^ 

Proof — Because AF and ED are parallel, also AE and 
DP are parallel 

the figure AEDF is a parallelogram 

/. AEs=DP, and AF=ED iTheor 21) 

Because AF and ED are parallel and AD meets them 
the z. FAD=tlie alternate Z. ADE (Theor 14). 

Bub the z. EAD=the z. PAD tby construction) 

.*. the z. ADE = the z. EAD 
ED=EA (Theor. 6) 

Bub AE=DF and AP=ED 
AE=DF=ED=AP. 
the figure AEDP is a rhombus. 


7. Let BC be a given straight hue. 


Q. E. F. 
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t 

lb is required to use the properties of an equilateral 
triangle to triseot} the given straight line BC. 

Coustraction—With the centres B and C, and radius 
esBC draw two arcs cutting at A. Join AB and AC. Then 
ABC IS an equilateral triangle. 

each of its angles ABC, ACB and BAC»60*. Bisecb 
the L. ABC by BD; also bisect the i. ACB by CD, the 
bisector CD meeting DD in 1). 

From D draw D£ parallel to AB to meet BC in £. From 
B draw BF parallel to AC to meet BC in F. 

Then the line BC is trisected at £ and F. 

"Froof*-* Because AB and BE ace parallel, and BB meets 
them 

the z. BB£ — the alternate jl ABD (I'heor. 14) 

Butt the A. ABD=the BB£ (by constiuction) 

/, the i. DB£*»the /. BDE 

/. B£=BE (Theor. 6) ' 

Again, because BF and AC are parallel, and BC meets 
them 

the L. BOA = the alternate CDF (Theor. 14) 

But the L. ACD=the z, DCF (by construction) 
the z. CDF = the z. DCF 
DF=CF( Theor. 6) 

Again, because BE and AB are parallel, and BF meets 
them f 

the z. BEF— the z. ABF (Theor. 14 )s=60'’ 

Again, because BF and AC are parallel, and EC meets 
them 

/. the Z. DPE=the z. ACE (Theor. 14) = 60* 

the z. EDF=lS0*-(b0'+60") =lt50“--120"«60* 
(Theor 16 Inf 1) 

BEF IS an equilateral triangle (Cor. Tbeer. 6) 
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DB=EF=DF 

Bub BE=DE and CP*=»DE (proved) 

/. BE=EP=FC. 

That IS, BC IS trisected at E and P* 

Q F* 

8 {%) Let D, E, F be the middle points of the three sides 
of a triangle. ' 


It IS required to construct the triangle. 

Construction— Join DB, EP and PD. 

Through D draw LDK parallel to EP. 

Through E dranr HEGr parallel to DP ciittiug LE at C. 

Through P draw MPE parallel bo DE cutting LK at £ 
and HG at A. 

Then ABC is bhe required triangle. 

Proof — Because DB is parallel to EP, and DE is parallel 
to BP 

.*. DEPB IS a parallelogram 
DB=EP (Theor 21) 

Similarly, CDPE is a parallelogratn 
CD=sEP (Theor 21) 

.*. ODsaDB, ^.c., D IS the middle point of BC 

Similarly, it can be proved that B is the middle point of 
A,C and P is the middle point of AB. 



Q. E Ft 
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(ii) Let HK aiid LM denote the lengths of two sides of 
triangle, and EG B length of the 

median, whichiL \ J bisects the third 

‘■O'- ■% — " ,4Y^c 


D 


It la required to constrtfct the triangle 

Colistl'iictioii — Tahe a straight line BD e^ual to 2 BOr* 
tVith centre^ B and D, and radii equal to HK and LM res- 
pectively draw tw”© arcs cattiner at A. Join AB 

Bi’iecb BD at E Join AE and produce it to G maKing 
EC=AE Join BC 

TheP ABC is the tequired triangle. 

Join AD. 

Proof — In the two A® AED and BEC 

f AB=EC (by construction)' 

Btcaiise DE=sEB bv cnnstrnction) 

( and the z. AED=the z. BEC (TheOr. 3) 
two A® are equal in all respects (Theor. 4) 

so that, AD=s BCsLn 

AB=HK, and BE=i BD=P&. 

Q E. E. 

(tit) Let NO denote the length of one side of a triangle, ■ 
and HE, Xi'M ^ the lengths of 

the medians h — K which bisect 

the other two I M sides. 

N 0 

It is required to construct a triangle 

Cotstructlou — Take a straight line BC=NO. 

"With the centres B and C, and radii equal to § HE and 
, § LH respectively diaw two arcs cutting at E. Join BE 
and EC.- 
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Produce CP to E making PE=i PC. Join BE and 

produce ic lo A making EA=BE. Jom AC. , 

• ^ 

Toen ABC la ibe rL 0 [uired triangle. 

Produce BP to meet AC in B. Also produce PE to Cr 
/nakiug E6=EP. Join 6A. 

Proof — In the tvTo A® AEGr and BEP 

f AE=BE (by construction) 

Because ^ GE=EP (by construe tiun) 

(. and the z. AEG=ch6 z. BEP (Theor 3) 

two A® are equal in all respects (Theor. 4) 
so thatj AG = PB, and the z. GAE— the z. EBP 
But the Z.® GAE and EBP arc alternate angles 
GA and PB arc parallel (Theor. 13) 

Because EP=EG and EP= j PC ^by construction) 
EP+EG or PG«P0 

Now, in the A AGO, P is the middle point of 6C, and 
PD is parallel to GA 

.*. D 18 the middle of AC (proved in Er. 1 on page 61). 
'Bcicauss P and D are the middle points of GC and AC 
PD~^ GA (proved m Kx. 3 on page 64) = J BP 
PC = 5 L]iI,aud EP=i PC 
EP= J LM. 

EC=CP+PE=| LM-f 5 
Also BP=i HK, and PD= J BP 
/. PD=i HK 

BD=BP+PD=f HK+ J HK=HK. 

BD and EC are the medians to AC and AB av\d their 
lengths are equal to HK and IiM respectively. 

ABC 18 the required triangle. 


Q. B. P. 
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(iv'\ Let HK, LM, NP be the lengths of thethroc 
^ ' triangle* 



It IS required to construct the triangle. 

Construction — Take a straight line A0=f HK, and 
produce it to G makii'g 0 G= 3 A 0 . 

With centres 0 and G, and radii equal to § NP and j 
Lm respectively drair tivo arcs cutting at B Join BO and 

BG. 

Bisect OG at P Join BP and produce it to C making 
FCs=BP Join AB and AC. 

Then ABC is the required triangle 
Join CO and produce it to meet AB in B. 

Produce BO to meet AC in D Join GC. 

Proof. — Because AO = 3 HK, and 0P= J 0G=sJ AO 
OP=^ HK' 

AP=A0+0P=.5 HK+J HK=HK 
also P IS the middle point of BC (by construction) 

AP 13 the median to BC. 

Now in the two A® OBP and PGC 

fOP =PG (by construction) 

Because BP=PC (b> construction) 

l_and the /:0PB=the Z.GPC (Thoor, .3) 

two A® are C(|aal m all respects (Theor, 4 ) 
so that, B0=CG. and the Z, BOP = the z. PGC 
But the z.® BOP and PGC are alternate angles 
BO and CG are p-irnllel iTheor. 13) 

Again, m the two A® OPC and BFG 
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(*OP=*FG' (by construction) 

Because ■{ FC=BP (by constructiou) 

(^and the z. OPC — the z. BPG (Theor^ 3) 

two A® equal in all respects (Theor. 4) 

so that, OC=BG and the Z. POC^tbe Z. BGP. 

But the Z.® POO and BGP are alternate angles 

OC and BG are parallel (Theor. 13) 

In the A AGO, 0 is the middle point of AG (by construe' 
tion), and OD is parallel to GC (proved) 

/. D 13 the middle point of AC ^proved in Es. 1 on page 
64) 

Since p and D are the middle points of AG and AC 
OD== J of GC (proved in Ex, 3 on page 64) 

But GC=sB0 (proved; , therefore 0D==]^ of BO. 

Because B0«»§ NP and 01)*= J BO 
0D=i NP 

/. BB=B0+0D«S NP+INP^NP 
and B IS the middle point of AC (proved) 

/. BD IS the median to AC. 

In the A ABG, 0 is the middle point of AG (by contruc- 
tiou), and 0£ is parallel by BG (proved; 

E Is the middle point of AB (proved in Et. 1 on page 

t 64) 

' Since 0 and E are the middle points of AG and AB 
0B=a J of BG (proved m Ex. 3 on page 64) 

Bat BG=30C (proved) , therefore OEssJ of OC 
BG«| LM (by construction) , therefore 0C*=f LU 
Because C0»|- LM) and 0E=:| OC 
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/. OE*=^Llff 

CE«CO+OE=|LM+^ LM=LM 
also E 18 the middle point of AB (proved) 
/« CE IS the median to AB> 


Q. E. F 
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